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ABSTRACT 
The mouse major urinary proteins (MUP) are encoded by a group of 
about 35 closely related genes most of which are clustered on 
chromosome 4. MIJP genes are differentially regulated by various 
hormones in a variety of tissues, mainly in the liver. On the basis 
of nucleotide hybridization and sequence analysis, MUP genes can be 
divided into three major groups, termed Groups 1, 2 and 3, 
respectively. Group I genes are functional and represent the majority 
of the actively transcribed MUP genes. Group 2 genes are mostly if 
not all pseudogenes. Group 3 is represented by MUP15 which has been 
characterized at cDNA sequence level. It shows remarkable divergence 
from both Group 1 and Group 2 genes. 
In the project presented here, the linkage relationship of MUP 
genes was first investigated by analysing isoelectric focusing 
patterns of MUPs from 21 recombinant inbred strains (RI strains) 
derived from C57BL/6 X DRA/23. MUP genes appear to be tightly linked 
on chromosome 4 with no detectable recombination between them. The 
appearance of a new electrophoretic phenotype totally unrelated to 
recombination between the two flanking marker genes of the MUP locus 
indicates the existence of a regulatory locus for the MUP genes. By a 
combination of protein purification and carbohydrates-staining 
techniques, a minor electrophoretic component of MUPs has been found 
to be uniquely glycosylated. A Group 3 MUP gene named BS-MUP16 was 
extensively sequenced. Comparative analysis reveals that BS-MUP16 is 
a potentially functional gene in that its coding region is intact in 
relation to other functional MUP genes although two large deletion 
events have occured in the 5'-flanking and 3' untranslated regions. 
Like HIJPI5, it shows non-uniform divergence from the Group I and Group 
2 genes. Exons 2 and 3 are more than twice divergent than exons 1 
and 4-6. A proposed gene conversion or unequal crossover event may 
have altered exons 2 and 3 in the gene ancestral to MLJP15 and 55-
MUP16. This hypothesis is favoured by the presence of novel 
structural features at both boundaries of the proposed gene conversion 
event. Southern blot analysis of BALB/c genomic DNA using as probes 
subcicines of MLIP15 and BS-tIUP16 indicates that there may be five of 
the MUP15-related Group 3 genes. Hybridization conditions for 
Northern blot analysis were established under which probes are 
specifically reactive with Group 1 and Group 3 mRNAs, by means of an 
in vitro transcription system using the bacteriophage 17 promoter 
and 17 RNA polymerase to generate large quantities of RNA targets. 
Northern blot hybridization of liver mRNAs from testosterone-induced 
male and female mice of BALB/c and C57BL16 strains reveals a similar 
induction pattern to that seen in Group 1 gens. However, the sexual 
dimorphism in BALB/c mice is greater than previously reported. The 
induced females show different patterns of urinary proteins from the 
male ones in both strains. 
-01 - 
CHAPTER I THE MOUSE MAJOR URINARY PROTEIN (MUP) GENE FAMILY 
1) INTRODUCTION 
Multi-gene Families 
The cloning of many different genes from the germ cells of animals 
and plants has indicated that some genes are unique (represented only 
once in the haploid genome ), but that others are duplicated. The 
extent of duplication varies for different genes in the same organism 
and for the same gene in different organisms. Many of the protein-
coding genes are members of families of two or more genes that have 
very similar but not identical sequences and that encode similar but 
not identical proteins. For example, in higher vertebrates the 
haemoglobin molecules contain two alpha-type and two beta-type globin 
polypeptides. Humans (and all other mammals examined) produce several 
slightly different 'beta-like globin chains during embryogenesis and 
in adult life. In humans, the beta-like globins include beta, delta, 
A gamma , 0 gainma, and epsilon. 	The proteins in this group have 
sequences that are similar but not identical (Efstratiadis, 1980). The 
individual globins are formed successively during early development, 
but in normal individuals only the beta and delta chains continue to 
be formed after 6 months of age. 	In addition to the families of 
related protein-coding genes, eukaryotic DNA contains duplicated genes 
that have remained exact (or almost exact) copies of one another. 
These genes include all sequences encoding rRNAs , some of the 
sequences encoding tRNAs, and some of the histone genes. A 
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distinguishing feature of these families of identical genes is that 
the multiple copies exist in tandem (i.e., they remain localized in 
the genuine, with one copy next to another), although different sets of 
tandom arrays can be located on different chromosomes, e.g. the 200 or 
so rRNA genes in human are spread out in small clusters on five 
different chromosomes (Long and David, 1980); the sea urchin late 
histone genes are not arranged in tandem clusters but as isolated 
single genes or as heterotypic pairs and heterogeneity in protein 
coding sequences of the late histone genes has been found in higher 
vertebrates (Maxson et al, 1983); and human histone genes have been 
mapped to at least three chromosomes (Tripputi et al, 1986). 
In general, abundant proteins are commonly, but by no means 
always, coded for by gene families. 	Whithin the gene families, there 
may be more repetition of some sub-types of genes than others. The 
multiple genes may be clustered or dispersed. The functional genes 
may be interrupted or uninterrupted and changes in the pattern of 
interruptions need not affect gene activity. Repeated cycles of 
duplication, deletion and gene conversion appear likely to be common 
in many multigene families. 
Members of a gene family may be clusterd together, for example, 
the interferon genes, or dispersed on different chromosomes as in the 
case of the actin and tubulin genes of D.melanogaster or a combination 
of both, for instance, the globin gene family where the alpha-like 
and beta-like globin genes are clustered on different chromosomes. 
Gene clusters range from extremes where a duplication has generated 
two adjacent related genes to cases where hundreds of identical genes 
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lie in a tandem array. 
The members of a structural gene family have related or identical 
functions, although they may be expressed at different times or in 
different cell types. 	In cases where there is an extensive tandem 
repetition of a gene or genes, the product is needed in unusually 
large amounts. Examples are the genes for rRNA and histone proteins. 
A lesser degree of repetition may be implemented to provide slightly 
diffrent proteins for particular circumstances. For example, 
different globin proteins are produced for use in embryonic and adult 
red blood cells, while different actins are utilized in muscle and non-
muscle cells. 	Different copies of the chorion genes in silk moth are 
active at different times in the construction of eggs (Kaftos, 1983). 
Sometimes no significance is discernible in a repetition; for example, 
no difference is apparent in the expression or function of the 
duplicate insulin genes of rodents and it is known that a single 
insulin gene is indeed adequate in other mammals and birds, although 
the two rat insulin genes differ in that one copy has two introns and 
the other has only one. The two murine genes, which are both present 
on chromosome 1 in the rat, but on chromosome 6 (gene I) and 7 (gene 
IN in the mouse, are expressed in nearly equal amounts under most 
conditions in normal rat islet tissues, but may vary in tumors. 
Recently it has been reported (but not yet confirmed) that pregnancy 
and /or glucose stimulation alter these ratios of expression in favor 
of rat insulin I, and there are also reports that growth hormone 
selectively stimulates the biosynthesis of rat insulin I. The basis 
and possible physiological significance of this effect is not known 
(Steiner et al, 1985). 
- 
There are frequent opportunities for structural and organizational 
changes in a cluster of related or identical genes. The results are 
clearly demonstrated by comparing the mammalian beta-globin gene 
clusters in human, rabbit, mouse, and goat. Although the clusters 
serve the same function and all have the same general organization, 
each is different in size, there is variation in the total number and 
the types of beta globin genes, and the numbers and structures of 
pseudogenes are different (Edgell et al, 1983). 	All of these changes 
must have occured since the mammalian radiation about 90 million years 
ago (Good, 1975). 	The comparison suggests that gene duplication, 
rearrangement, and variation may be as important a factor in evolution 
as the slow accumulation of point mutations in individual genes to 
allow selection of improved proteins. 
A gene cluster can expand or contract by unequal crossover when 
recombination occurs between non-allelic genes, either entirely 
homologous or well related. For example, unequal meiotic sister 
strand recombination occurs frequently within the rRNA gene cluster of 
yeast resulting in the constant expansion and contraction of the 
cluster (Petes, 1980). 	Many alpha-thalassaemias result from deletions 
in the alpha-globin gene cluster relative to the normal cluster, and 
individuals with extra alpha-globin genes appear to have been 
generated by unequal crossover (Weatherall and Clegg, 1982; Lewin, 
1985). An obstacle to unequal crossover may be presented by the 
interrupted structure of the genes. 	In the case of the globins the 
corresponding exons of adjacent gene copies are likely to be well 
enough related to support pairing; but the sequences of the introns 
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have diverged quite appreciably. The restriction of pairing to the 
exons considerably reduces the continuous length of DNA that can be 
involved and may correspondingly lower the chance of unequal 
crossover. One idea is that divergence between introns may enhance 
the stability of gene clusters by hindering the occurence of unequal 
crossover (Lewin, 1985). 
The duplication of a gene is likely to result in an immediate 
relaxation of the evolutionary pressure on its sequence. 	It seems 
possible that, immediately following a gene duplication, changes 
accumulate more rapidly in one of the copies, leading eventually to a 
new function (or to its disuse in the form of a pseudogene). 	If a 	new 
function develops, the gene may then evolve at the same, slower rate 
characteristic of the original function. 	This is likely to be the 
mechanism responsible for the separation of functions between 
embryonic and adult globin genes (Lewin, 1985). 
Yet there are some instances of duplicated genes retaining the 
same function, coding for identical or nearly identical proteins. 
Identical proteins are coded for by the two human alpha-globin genes, 
and there is only a single amino acid difference between the two beta-
globin proteins, a case where selective pressure is maintained on both 
genes. One type of mechanism that has been proposed to account for 
the maintenance of sequence homogeneity on duplicated genes is gene 
conversion. 	The classical description of gene conversion stems from 
genetic experiments with yeast cells in which meiotic recombination 
between homologous chromosomes was under study. Reciprocal exchange 
during chromosomal recombination leads to the equal transmission of 
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all alleles to the progeny; however, often during recombination 
genetic markers that lay between reciprocally exchanged alleles were 
not recovered in progeny spores in equal amounts, but rather in 3:1 
ratios. 	This unequal inheritance of alleles has been attributed to 
homologous pairing followed by mismatch repairing which changes the 
strand of DNA representing one allele into the sequence of the other 
allele (Fink and Styles, 1974; Radding, 1978; Klein and Petes, 1981). 
As a means of maintaining sequence identity, gene conversion events 
can also take place between two non-alleleic but homologous genes. 	In 
higher eucaryotes it has been suggested that gene conversion is 
responsible for the partial replacement of the diverging 'gamma 
fetal globin gene with the corresponding part of another fetal globin 
gene °gamma (Slightoret al, 1980). 	Gene conversion may also have 
occured in the mouse major histocompatibility genes (Weiss et al, 
1983; Mcintyre and Seidman, 1984), and the immunoglobulin genes 
(Bently and Rabbitts, 1983; 011o and Rougeon, 1983; Baltimore, 1981). 
On the other hand, there is data showing that the preservation of 
gene organization may vary considerablly in scope. Globin genes are 
well conserved. The alpha and beta interferon genes seem to have a 
common structure, entirely lacking introns but the actin genes have 
interrupted structures that vary widely. The protein coding regions 
are highly homologous, but there is little or no relationship between 
the flanking or even the non-translated regions whithin a species 
(Firtel, 1981). 
Regulation of Eukaryotic Gene Expression 
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In principle, any or all of the steps in the pathway leading from 
DNA to protein could be involved in the control of gene expression. 
These steps are 	(1) when and how frequently a given gene is 
transcribed (transcriptional control), (2) how the initial RNA 
transcripts are processed (processing control), (3) which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (transport 
control), (4) which mRNAs in the cytoplasm are translated by ribosomes 
(translational control) and how frequently they are translated, (5) 
which mRNAs are stabalized in the cytoplasm (mRNA degradation 
control), (6) stability of the protein, and (7) modification of the 
protein. However, the regulation of eucaryotic gene expression is 
mainly at the transcriptional level (Derman, et al, 1981). 	In the 
last few years, the study of regulation of eukaryotic gene expression 
has been focused on DNA control elements as well as cellular factors 
that interact specifically with these controlling elements. 
Considerable progress has been made in the identification of DNA 
sequences involved in the initiation of transcription by eucaryotic 
polymerase II. 	Initially the situation appears very similar to that 
in bacteria. A conserved AT-rich DNA sequence motif was found to be 
about 30bp upstream of most eucaryotic transcription units, and by 
transcription assays in vitro this so called TATA box was shown to 
be an essential promoter component. An additional conserved sequence 
of consensus GGVCAATCT, the so called CAAT box, was found upstream of 
the TATA box in all globin genes and in severall other genes. The 
search for additional promoter components by sequence analysis proved 
difficult, however, because of the sequence heterogeneity located 
further upstream of the TATA box (reviewed by Chambon et al, 1984). A 
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puzzling observation in the study of eucaryotic gene expression was 
made by Grosschedel and Birnstiel (1980) during the injection of 
cloned sea urchin histone genes into Xenopus oocytes. They found that 
sequences more than lOObp upstream of the initiation site of a histone 
H2A gene could act in either orientation to restore efficient 
transcription. This orientation independence of upstream promoter 
elements, even though they often do not show any dyad symmetry, has 
since been found to be a property of most promoter elements of 
eukaryotes from yeast to man. 
In parrallel to these studies came the discovery of the enhancer 
effect in Chambon's laboratory (Morean, 1981) and those of Schaffner 
(Banerii, 1981) and Berg (Fromm and Berg, 1983). 	In the following 
years, in many other viruses, related or unrelated to the simian virus 
40, for example, polyoma virus (Mu011er et al, 1983), bovine papilloma 
virus (Lusky et al, 1983), retroviruses (Laimins et al, 1983; Xu et 
al, 1983), and adenoviruses (Hen et al, 1983), enhancers were 
discovered which in experimental constructions, fulfilled the 
following strict criteria: a. strong activation of transcription of a 
linked gene from the correct initiation site; b. activation of 
transcription independent of orientation; c. ability to function over 
long distances of more than 1000bp whether from an upstream or 
downstream position relative to the cap site; d. in the cases tested, 
preferential stimulation of transcription from the most proximal of 
two tandem promoters. 
Although DNA sequences with enhancer activity are most often found 
between -100 and -300bp upstream of the transcription unit, they are 
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also found at other positions such as whithin an intron for the Ig 
heavy chain enhancer. The first cellular enhancer was discovered by 
several laboratories, notably, those of Tonegawa (Gillies, 1983) and 
Schaffner (Banerii, 1983). This represented a breakthrough in enhancer 
research for three reasons: 1. it showed that the enhancer effect is 
not a peculiarity of viruses; 2. the Ig enhancer stimulated 
transcription in a cell-type specific manner, being the first genetic 
element described to have such a property; 3. the Ig enhancer was 
found to be located within the gene, in a position downstream of the 
cap site, thus realizing in a natural situation the potential of 
enhancers shown earlier by constructions in vitro (Banerii et al, 
1981). 	Since then, cell type-specific enhancer elements have been 
found located upstream of a number of genes, for example, the 
chymotrypsin genes (Walker et al, 1983), the Eb0t0 gene of the 
MHC gene family (Gillies et al, 1984), the rat albumin gene (Ott et 
al ,1984) 	the rat insulin gene (Edlund et al, 1985), the exocrine 
pancrease genes (Boulet et al, 1986), and the rat prolactin and growth 
hormone genes (Nelson et al, 1986) 
Direct repeats are often found within enhancers. For example, the 
SV40 enhancer contains three 21-bp repeats which bear six SC-rich 
motifs essential for efficient transcription (Baty et al, 1984; Fromm 
and Berg, 1982; Hartzell et al, 1984), and two 72-bp repeats. 	Direct 
tandem repeats, usually 50-130bp long, are also found within the 
enhancers of BK virus (Rosenthal et al, 1983), Maloney sarcoma virus 
(Levinson et al, 1982) and mouse cytomegalovirus (Dorsh-Hasler et al, 
1985). 	Other enhancers, however, do not show obvious repeats, such as 
the enhancers of polyoma virus strain A2 (de Villiers and Schaffner, 
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1981), hepatitis B virus (Shaul et al, 1985), Rous sarcoma virus 
(Luciw et al, 1983; Laimins et al, 1984; Cullen et al, 1985; Weber and 
Schaffner, 1985b), and the majority of the cellular enhancers. 
Systematic mutagenesis of the 5V40 enhancer (Zenke et al, 1986) 
indicates that it spans about lOObp and is composed of at least two 
distinct DNA domains A and B which exhibit very little enhancing 
activity on each alone. 	Their association result in a 400-fold 
enhancement of transcription, virtually irrespective of their relative 
orientation and, to some extent, of the distance between them. Apart 
from confirming the suggestion made by Weiher et al (1983) that the so 
called 'core' sequence 6T66WWWG plays a key role in enhancer activity, 
Zenke et al found that in fact several additional sequence elements 
within the two domains are as critical for enhancer activity as the 
'core' sequence. For example, domain B contains two directly repeated 
sequence elements (the GT-motifs) GSTGT6GAAWST. The sequence TGB 
appears particularly important. 	A second repetition of this domain is 
TCCCCAG (the TC-motifs) and the tandem repeats are important for the 
enhancer activity in the transient assay in Hela cells. Domain A 
contains a directly repeated sequence AAGYATGCA (Sph-motifs) and a 
single sequence motif TCAATTASTCA (P-motif). Both Sph-motifs are 
required to generate an active domain A. All known viral and cellular 
enhancers contain short sequence streches which exhibit some hormology 
to one or several of the SV40 motifs (Zenke et al, 1986), and when 
investigated, their importance for enhancer activity has been 
demonstrated (Weiher et al, 1983; Hen et al, 1983; Weiher and Botchan, 
1984; Queen and Stafford, 1984). 	It appears, therefore, that 
enhancers are made up of several sequence motifs which have been 
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combined in various ways during evolution, and these different 
combinations of sequence motifs in different viral and cellular 
enhancers may be related to the host- or cell type-specificity of 
their activities. 
The analysis of chromosomal enhancers demonstrate that viral and 
chromosomal enhancers belong to the same type of transcriptional 
control elements. 	Viral as well as cellular enhancers stimulate 
transcription from autologous and heterogeneous promoters over long 
distances in a orientation-independent manner, and both types of 
enhancers contain DNA sequences conferring tissue-specific gene 
expression (Villiers and Schaffner, 1981; Laimins et al,1982; Kriegler 
and Botchan, 1983; Banerji et al, 1983; Kenney et al, 1984; Edlund et 
al, 1985; Boulet et al, 1986; Nelson et al,1986). 	Nevertheless, at 
present it is not known whether enhancer elements are essential for 
the activation of all cellular genes. 	It is possible that the 
differences in structure between strongly and weakly transcribed 
promoters are quantitative rather than qualitative. 	That is, the many 
sequence motifs used to build an enhancer of a strongly expressed gene 
could be present in only a few copies in the promoter region of a 
typical "house-keeping" gene (Serfling et al, 1985). 
An enhancer functions in cis, i.e. it acts only on the same 
DNA molecule as the linked gene whose transcription it enhances 
(Banerii et al, 1981; Moreau et al,1981). 	It has been shown that an 
active enhancer ensures a high density of RNA polymerase II molecules 
over a linked gene, i.e. resulting in a high rate of transcription 
(Treisman and tianiatis, 1985; Weber and Schaffner, 1985). 	Also, there 
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is a particular chromatin structure associated with enhancers. The 
enhancer region of SV40 and polyoma virus is found as a nucleosome 
free region (Saragosti et al, 1980; Herbomel et al, 1981; Jongstra et 
al, 1984). From subsequent work it became evident that this region, 
which is hypersensitive to nucleases, is associated with a variety of 
transcription factors (Davison et al, 1983; Gidoni et al, 1984; 
Scholer and Gruss 1984; Cereghini et al,1985; Jones and Ijian, 1985; 
Wildeman et al, 1985). 	It was speculated that the 'open window' of 
such a nucleosome-free gap is an entry site for RNA polymerase 
(Saragosti et al, 1980; Herbolmel et al, 1981; Moreau et al, 1981; 
Allan et al, 1984; Jongstra et al, 1984). 	In a large fragment of DNA, 
an enhancer could also facilitate the binding of chromatin proteins 
specific for active transcription units. 	This would result in the 
formation of stable transcription complexes analogous to the ones 
described for 5S RNA genes by Brown and his collegues (Smith et al, 
1984). 
Eukaryotic cells, like prokaryotic cells, contain direct-acting 
transcriptional factors, mostly proteins if not all, that control 
transcription by interacting with specific DNA sites close to the 
target gene. Proteins that bind directly to the polymerases and 
change either their rates of activity or their specificity are also 
possible. A few proteins that are thought to directly affect the 
initiation of transcription of specific genes have been identified. 
The human transcription factor Spi binds upstream of certain viral and 
cellular promoters and activates initiation of transcription from 
these promoters by RNA palymerase II. The Spi binding sites of both 
SV40 and a related monkey promoter contain multiple copies of the 
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sequence GGGCGG, three or four of these sequences forming close 
contacts with Spi. 	The clustered contacts fall on one strand of the 
DNA and are arranged similarly in the major grove of the DNA helix in 
both promoters (Gidoni et al, 1984). 	A heat-shock transcription 
factor (HSTF) has been isolated from the nuclei of cultured Drosophila 
cells, which binds specifically to a SSbp region upstream of the TATA 
box of an hsp 70 gene and greatly stimulates its transcription (Parker 
and lopol, 1984). 	In yeasts, the 6a14 protein causes increases in 
mRNAs for the galactose metabolizing enzymes by binding to specific 
DNA sequences from 150 to 250 bases upstream from the site of 
initiation of the various mRNAs and the Ga14 protein itself is 
negatively regulated by the product of another gene, galBO (Giniger et 
al, 1985). 	In the yeast mating-type system, the product of a gene 
called SIR (silent information repressor) has been identified as the 
protein responsible for suppressing the transcription of the silent 
DNA copies at two loci to the left and right, respectively, of the 
mating-type locus (MAT). Mutations in the SIR gene cause the yeast 
cells to transcribe abnormally the DNA sequences at these sites. 	It 
is believed that the SIR gene product does not simply bind to the DNA 
at the start site for RNA synthesis, but rather acts at a distance 
from the start site and prevents transcription by changing the 
chromosomal structure (Nasmyth, 1982). The I antigen of SV40 appears 
to be an autoregulatory protein, that is, when bound to the 9V40 DNA, 
the I antigen prevents the RNA polymerase II from initiating SV40 RNA 
synthesis at the early promoter site although it does not block the 
passage of an RNA polymerase that initiates upstream from the I 
antigen-binding site (Tjian, 1981). 	Transcription , of the mouse 
mammary tumour virus (MMIV) DNA is enhanced by the binding of the 
glucocorticoid receptor to a region within 305 bases upstream of the 
RNA initiation site (Payvar et al, 1983). 	In characterizing the 
activity of a human heat shock protein (hsp70) gene promoter by in 
vitro transcription, Morgan et al (1987) analysed 5 deletion and 
substitution mutants in Hela nuclear extracts and showed that a 
protein factor, CCAAT-box-binding transcription factor (CTF) isolated 
from Hela nuclear extracts, is responsible for stimulation of 
transcription from the human hsp70 promoter in a reconstituted in 
vitro system. DNAse I footprinting revealed that CIF interacts with 
two CCAAT-box elements located at -65 and -147 of the promoter. The 
transcription factor lilA (TFIIIA) from Xenopus oocytes is required 
for the correct initiation of transcription of Xenopus 56 RNA genes by 
RNA polymerase III. 	The binding site of this protein has been 
identitied as a SObp region within the 56 RNA gene, called the 
internal control region (Engelke et al, 1980; Bogenhagen et al, 1980; 
Sakonjou and Brown, 1982; Rhodes, 1985). 	This internal control region 
has been shown to possess a perodicity in sequence and structure, 
corresponding to half a double helical turn of DNA which matches the 
repeating structure in TFIIIA that binds to it. 	The repeat in the DNA 
sequence is based on the occurence (on the non-coding strand) of 
short runs of gaunines at about 5 nucleotide intervals (Rhodes and 
Klug, 1986). 	Similar patterns of purine residues have also been found 
in other genes transcribed by RNA polymerase III in the split 
promoter of tRNA genes, in the identifier sequences (ID) and Alu 
sequences; a repeating pattern of clusters of gaunines, with centers 
spaced 5 nucleotides apart, in the control region of SV40 with which 
the transcription factor SP1 interacts (Rhodes and Kiug, 1986). 	Two 
Drosophila genes, when translated into protein sequence, show 
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repeating units 28 amino acids long with a remarkably close homology 
with the 30 amino acid repeat unit of TFIIIA from Xenopus (Rosenberg 
et al, 1986; Vincent et al, 1985). 	Based on these observations, 
Rhodes and Kiug propose that this class of transcription factors or 
even more generally of DNA binding proteins have a modular design, in 
which a protein recognizes a long stretch of DNA by virtue of its 
construction out of iterated small domains, all based on a similar 
structure, that interact with short stretches of DNA about Sbp long 
(not neccessarily all 6-rich). 	Modulations in the amino acid sequence 
of each domain at the point of interaction, and sympathetic 
modulations in the DNA sequence of a basic repeat, enable the spatial 
register of the interaction to be precise. 	The strength of the 
interactions and the number of DNA-binding modules can be varied, as 
can be the spacing between them. A high level of specificity in 
recognition can thus be achieved. The modular design offers a large 
number of combinatorial possibilities for the specific recognition of 
many different sequences of DNA and it may be widely used throughout 
e u k a r y o t e s. 
A'simplified model of eukaryotic transcription control, based on 
observations of interactions between cis-acting elements and trans-
acting factors has been proposed by Serfling, Jasin and Schaffner 
(Serfling et al, 1985). 	The essential components of this model are: 
(A) Promoters of weakly expressed genes contain one or a few upstream 
DNA elements for constitutive expression. (B) Promoters regulated at 
the level of cell differentiation, or by induction with environmental 
stimuli, harbor not only constitutive but also regulatory DNA motifs. 
Regulation of transcription is potentiated by the interaction of 
several factors, namely a TATA box-binding protein, a constitutive 
factor (e.g. Spi), and a regulatory factor (e.g. a steroid hormone 
receptor). Upon a stimulus a regulatory factor, perhaps after an 
allosteric conformation change, recognizes the corresponding DNA motif 
and thus may form a bridge between constitutive factors. 	In the 
uninduced state, the regulatory factors could be absent, could be 
present but not bind, or bind in a conformation which does not 
stimulate but rather represses transcriptions 	(C) In a strongly 
expressed constitutive promoter, several types of DNA elements can be 
intermingled and repeated. Although certain DNA motifs like the CAAT 
box occurs preferentially in one orientation and close to the TATA box 
(Dierks et al, 1983), and others, like the 6TGSWWWG enhancer core', 
are most often found at positions -100 and further upstream, the 
difference between a weakly and a strongly expressed constitutive 
promoter may well relate to the number of sequence motifs present 
rather than their presence or absence. 	(D) A strongly expressed 
regulated promoter contains several regulatory motifs interspersed 
(possibly at strategic positions) with constitutive elements, an 
extension of situation M. The number and spatial arrangement of 
these motifs probably determines the basal as well as induced level of 
transcription. 	(E) Remote control by an enhancer. The sequences 	just 
upstream of the TATA box are not sufficient to result in induction of 
a high level of transcription by themselves but they respond to 
additional elements some distance away, presumably mediated by protein-
protein contacts of the factors involved, these remote elements may 
be located either within the transcription unit or far upstream or 
downstream or close to it. 
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The House Major Urinary Protein (HUP) Gene Family 
The mouse major urinary proteins (MUP) are encoded by a group of 
about 35 closely related genes (Bishop et al, 1982), most of which, if 
not all, are clustered on mouse chromosome 4 (Bishop et al,1982). 
HUPs are synthesized in large quantities, mainly in the liver, 
released into the blood stream, and ultimately excreted into the urine 
(Rumke and Thung, 1964; Finlayson et al, 1965; Shaw et al, 1983). 
The MUP gene family has a number of interesting features with respect 
to its organization and expression that make it a useful model system 
with which to study the regulation of tissue-specific and hormone-
specific gene expression as well as evolution of multi-gene families. 
1. Tissue-specific expression 
The mouse liver is the major site of MUP synthesis with its mRNA 
being the most abundant species in the male liver (accounting for 
about 5% of the total mRNA on weight basis). MUPs are also expressed 
at lower levels in several other secretory tissues, namely the 
lachrymal, submaxillary, sublingual, parotid and mammary glands (Shaw 
et al, 1983) (Tablet). 	in vitro translation of hybrid-selected 
liver MUP cnRNA shows that there are at least 12 different MUP 
components expressed in this tissue (Shaw et al, 1983; Clissold and 
Bishop, 1982; Shahan and Derman, 1984). 	The in vitro translation 
products of the submaxillary, parotid, sublingual, and the mammary 
glands largely comprise different subsets of the liver products while 
the lachrymal gland mRNA gives rise to a different set of MUPs that 
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TABLE I. 	Relative level of MUP mRNA in expressing tissues 
Tissue Max Level  
of MUP mRNA 








Liver 	(male) 30,000 + T, 	T4 , GH 3 weeks 
Lachrymal 	(male) 6,000 + T 2 weeks 
Submaxillary 
gland 1,250 - none 1 week 
Mammary gland 1,000 ? unknown 1st pregnancy 
(From Shaw et al., 1983). 
0 
N.. 
are more basic than those synthesized in other MUP-expressing tissues. 
Developmental expression 
In each of the MUP-expressing tissues, MUPs are synthesized in 
response to different developmental signals. 	In the liver, it has 
been determined by in vitro translation (Barth et al, 1982) that 
there are at least 3 periods during liver development when specific 
abundant mRNAs are first detectable: prior to 14 days postconception, 
at birth, and during the onset of sexual maturity. MUP synthesis 
commences at the onset of puberty and continues into adulthood 
(Derman, 1981; Shaw et al, 1983). 	In the submaxillary gland, MUPs 
start being synthesized 1 or 2 weeks before the onset of puberty and 
the synthesis ceases in the postpubertal animal. 	In the lachrymal 
gland, MUP synthesis commences at about the same time as it does in 
the submaxillary gland but persists into adulthood (Shaw et al, 1983), 
and in the sublingual gland MUP synthesis occurs in postnatal animals 
of all ages (Shaw et al, 1983). 
Sex difference 
In the liver of adult BALB/c mice, the MUP mRNA level is 5-6 times 
higher than in female mice. 	The ratio is a factor of two greater in 
C578L/6 mice (Hastie et al, 1978; 1979). Female mice show a simpler 
liver MUP and urinary MUP pattern than the male pattern although 
treatment with testosterone induces a male-like pattern in females 
(Finlayson et al, 1965; Szoka and Paigen, 1978; Clissold et al, 
1984). 	The lachrymal gland, like the liver, shows sexual dimorphism, 
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with the male having appoximately 5 times as much MIJP mRNA as the 
female (Shaw et al, 1983). 	The submaxillary gland does not show 
sexual dimorphism with respect to MUP expression. 
4. Hormonal regulation 
In the mouse liver, MUP mRNA levels are under multiple hormonal 
control by thyroxine (14), growth hormone (6H), and testosterone (1), 
(Knopf et al, 1983). NUP mRNA levels are reduced over 100 fold in GH-
deficient little mice, and GH administration can restore NUP mRNA 
to normal levels. 	Also, in hypophesectomized (hypox.) females either 
GH or 14 alone can induce MUP mRNA over 100 fold. These hormones do 
not appear to act completely independently of one another. For 
example, testosterone has little if any effect on MUP mRNA levels in 
the livers of hypox. females, even though it increases MUP mRNA levels 
in normal females. Also, SH and 14 together have a pronounced 
synergistic effect, increasing liver MUP mRNA approximately 1000 fold. 
T. Spiegelberg showed that 6H, 14 and insulin all play important roles 
in maintaining the stability of MUP mRNA in cultured hepatocytes and 
that GH and 14 are synergistic (unpublished results), suggesting that 
GH, T4 and insulin do have direct effect on liver cells, and on MUP 
expression. 	Differential regulation of the expression of specific MUP 
genes by different hormones has been observed by examining the in 
vitro translation products of hybrid-selected MUP mRNA expressed in 
various endocrine states using 2-dimensional polyacrylamide gel 
electrophoresis (Table 2 and Figure 1) (Knopf et al,1983). 	Male or 1- 
induced female mice have NUP polypeptide patterns that are distinctly 
different from those of normal female mice. 6H appears to produce in 
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Copies of MIJP 
Endocrine statea - - 
Male 0.35 30,000 
Female 1.7 6,200 
lit/lit 	male 53.0 200 
lit/lit 	male + GH 0.35 30,000 
Hypox 	female 175.0 60 
Hypox 	female + 1 175.0 60 
Hypox 	female + GH 1.0 11,000 
Hypox 	Female + GC 300.0 35 
Hypox 	female + T4 1.0 11,000 
Hypox 	female + GH + 14 0.12 90,000 
tfm/Y 6.0 950 
tfm/V 	+ 	1 1.5 38,000 
tfm/V + 14 + GH 0.35 30 , 000 
Table 2. Determination of the concentration of MUP mRNA in the 
livers of mice in various endocrine states by solution hybridization 
kinetics. 
lit/lit, mutant little mice; 	hypox, hyphysectomized; 	GH, 
growth hormone; 	1, testosterone; 	GC, glucocorticoids; 	14, thyroxine. 
Copies of MUP mRNA per cell were calculated according to the 
method of Hastie et al (1979). 	Adopted from Knopf et al. (1983) 
IM 
pH 
I 	.4.8 	4.7 	- .46 	43 
I 	 6 
0 	 • 	
a-.-- 









FIG. 1. Two-dimensional polyacrylamide gel anal-
ysis of male C5713L16 MUPs and in vitro translation 
products directed by male C57BL/6 liver RNA. Ap-
proximately 2 x 106 cpm of male C57BL/6 liver RNA 
translation products was mixed with male C57BL/6 
urine (20 i.g of protein) and analyzed by two-dimen-
sional polyacrylamide gel electrophoresis as detailed 
in the text. After electrophoresis, the gel was stained 
with Coomassie brilliant blue R and photographed (C). 
The stained gel was then dried and autoradiographed; 
the exposure was 2 weeks (B). (A) shows a diagram-
matic representation of the MUP in vitro transpn 
products. The bar (C) indicates three acidic, higher-
molecular-weight proteins present in urine but 
in liver translation products. 
From Knopf et al (1983) 
MEM 
thyroidectomized females a predominantly"female" pattern. Thyroxine 
causes a relatively specific increase in MUPs 1 and 2, and I appears 
to cause a relatively specific increase in MUPs 6 and 7 in 
thyroidectomized mice. However, some MUPs appear to be increased by 
several different hormone treatments. The hormonal regulation of MUP 
mRNA levels in the liver is distinctly different from that of other 
MUP-expressing tissues. Hormones appear to have no positive effect on 
MLJP mRNA levels in the submaxillary gland. 	Interestingly, MUP mRNA in 
both the liver and lachrymal gland is subject to regulation by 
testosterone but the mode of regulation in each appears to be 
distinct. Lachrymal gland MUP mRNA levels are regulated by 
testosterone in the absence of a pituitary gland whereas regulation in 
the liver by testosterone requires a functional pituitary gland. 	Due 
to large differences between liver and lacrymal MUP mRNA translation 
products, it is quite likely that they represent transcripts of 
different MUP genes. 
The secretory pattern of growth hormone (GH) differs between the 
sexes; in males it is more pulsatile than in females although the mean 
GH serum levels are similar in both sexes (Tannenbaum and Martin, 
1976; Eden, 1979). A proposal has been made on these observations 
that the rhythm of GH secretion influences sexual differentiation of 
the liver (Norstedt, 1982; Mode et al, 1982). Norstedt and Palmiter 
(1984) tested the hypothesis by examining the effects of continuous 
and pulsatile delivery of GH (achieved by introducing metallothionine-
BH fusion genes into the mice germ line or by implanting minipumps or 
mimicked by injection, respectively), on production of hepatic 
prolactin/GH receptors, albumin and MUP. 	The results suggest that 
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induction of MUP mRNA requires pulsatile occupancy of GH receptors, 
which is achieved naturally in male mice, whereas chronic occupancy of 
prolactin/GH receptors is inhibitory. These authors have also proposed 
that the response of MUP genes to GH is regulated indirectly by 
somatomedin C or insulin-like growth factor I (IGF-I) via a mechanism 
of down regulation. 
5.,Genomic organization of MUP gene family and phylogenetic 
relationship among its members 
On the basis of nucleic acid hybridization, most MUP genes have 
been found to fall into two main groups, termed Group 1 and Group 2, 
respectively. The genes whithin each group are remarkably similar (the 
Group 1 genes differ by 0.7% and the Group 2 genes differ slightly 
more, by about 1.37.) but members of different groups differ by about 
107.. 	The exon 1 sequences of six Group 1 genes sequenced to date are 
nearly identical. The exon 1 sequences of four Group 2 genes that 
have been studied share a common consensus different from the Group 1 
consensus, and in particular, they all carry the same stop codon in 
exon 1. Thus these Group 2 genes are pseudogenes descended from the 
same ancestral pseudogene (Ghazal et al, 1985). 	Between 13 and 15 
Group 1 genes and the same number of Group 2 genes are arranged in 
divergent transcriptional orientation (head-to-head configuration) 
(Clark et al, 1984a) in an array of 45kb long units each of which 
contains one Group 1 gene and one Group 2 gene, 15kb apart, plus the 
5' and 3'-flanking regions. 	It has been shown by DNA-DNA 
hybridization, and also by electronmicroscopic examination of 
heteroduplex and foldback structures made from cloned MUP genes, that 
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not only the two genes but also extensive 5 and 3'flaking regions are 
homologous. 	Thus, the 45kb unit is, in effect, a gigantic imperfect 
palindrome. Some of the 45kb units are adjacent to each other. 
Because there is more conservation whithin each group than between 
groups, it has been suggested that the 45kb unit is the unit not only 
of organization but also of evolution of MUP genes, i.e. the MUP locus 
cotains an array of the 45kb units and all members of the comtemporary 
array are descended fairly recently from a common ancestral 45kb unit, 
and have been generated by a process of unequal crossover. In 
addition to the 15 or so active Group 1 MUP genes, there are also 
between 5 and 9 genes that do not fall into either group and appear 
not to be included in the palindromic structures. Of these at least 
three are pseudogenes (Clark et al, 1982; Clark et al, 1984b; Aishawi, 
1985). Thus the total number of active MUP genes has been estimated 
to be about 20, roughly the same as the number of different MUP 
proteins identified by in vitro translation of hybrid-selected 
MUP tnRNA and two-dimensional gel electrophoresis in the liver and the 
lachrymal gland. A phylogenetic relationship of MIJP genes has been 
established, based on restriction sites and small deletions or 
insertions in 10 different Group 1 genes, 4 Group 2 genes and also on 
comparative DNA sequence data, using the Dollo parsimony method which 
finds the evolutionary trees that would have been constructed through 
the least evolutionary change. 	In addition to the three groups of MUP 
genes that had previously been identified by hybridization, the Group 
1 genes were found to form two subgroups based on restriction site 
polymorphisms in the 5-flanking regions (R. Alshawi, 1986). 
6. HUP gene structure 
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The transcription unit of MUP genes is represented by a Group 1 
gene, B66 ( Figure 2) (Clark et al, 1984c). 	It is 3.9kb long and has 
7 exons. Exons 1 to 6 contain the coding sequences while exon 7 
contains entirely non-coding sequences. 	Three different splicing 
configurations have been found, which result from alternative splice 
sites whithin the untranslated region of exon 6 (Clark et al, 1984c; 
Clark et al, 1985a). 	The most abundant liver MUP transcripts contain 
the first 5 exons, exon 6a, and the whole of exon 7, representing 
predominantly the Group 1 transcripts. 	The less abundant (by a factor 
of about 10) and smaller liver MUP transcripts contain an extended 
exon 6 but completely lack exon 7, representing predominantly the 
Group 2 transcripts. 
Sequence analysis of 4 Group 1 genes and 4 Group 1 cDNAs reveals 
that the Group 1 genes codes for polypeptides 180 amino acids long 
with an 18 amino acid-long signal peptide. 	The transcription 
initiation site (cap site) has been determined by Si nuclease 
protection and primer extension (Ghazal, 1986) to be located 31hbp 
downstream from the TTA box. Sequence analysis of the Group 1 genes 
shows that the 5'-flanking regions are less highly conserved than the 
transcribed regions, a possible reflection of the differences seen in 
the tissue-specific hormone-specific regulation of these genes. 
P.Ghazal (1986) found in the 5'-flanking regions of some MUP genes 
several regulatory sequence motifs such as the nuclear factor 1 
binding site, metal responsive element, enhancer core sequence, 
glucocorticoid responsive element, the CCAAT box. Whether these 
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Fig. 2. Structute of MUP gene BS-6. Above, the mouse DNA insert of plasmid pBS6-I showing the size and arrangement of the exons of BS-6. The exons 
are shown as boxes, and the coding regions are shaded Four subelones of pBS6-I are shown. Below, the two main MUP mRNAs showing their structural 
relationship to BS-6. 
From Clark etal (1984b) 
elements play any significant roles in directing the expression of MUP 
genes remains to be determined. 
7. The MUP proteins 
The urinary proteins are a group of heterogeneous polypeptides 
with pls ranging between 4.1 and 4.6 (Knopf et al, 1983) and the Mr of 
the major component is about 19,000 (18,730 daltons as estimated from 
amino acid sequence of the mature protein) while a minor, larger 
component has been observed (Chapter 3, this thesis). Male mice 
excrete 5-20 times as much MUPs per day as do females. 
B. MUPs and other evolutionarily related proteins 
MUPs have been found to be related to the rat alpha-2u globulins 
encoded by a family of about 20 genes (Kurtz, 1981). alpha-2u 
globulins are synthesized in the male rat liver under the control of 
testosterone, glucocorticoid, thyroxine, growth hormone, insulin and 
estrogen. Comparison of a rat alpha-2u globulin gene and a Group 1 
MIJP gene (B66) shows that the two genes have the same 7-exon struture. 
Exons 2-5 and the short form of exon 6 are identical in length while 
exons 1 and 7 differ in length by only a few nucleotides. The overall 
sequence homology within the exons is 817.. The two open reading 
frames are identical in position and length excepting a 3-nucleotide 
deletion in BS6, resulting in an 18-amino acid-long signal peptide. 
66% of the amino acid residues are identical in the two mature 
proteins. Recently, it has been found that HUP genes belong to a gene 
superfamily whose members share significant sequence homologies as 
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well as structural similarities. 	The members include: MUP, rat alpha- 
2u globulin, beta-lactoglobulin (a secretory protein found in the 
milk of ruminants), alpha-i microglobulin (a low molecular weight 
human serum protein), human retinal-binding protein (a serum protein 
that binds retinoic acid), and human alpha-i acid glycoprotein (a 
serum protein) (Pervaiz and Brew, 1985). 
9. Possible functions for MIJPs 
The function(s) of MUPs has long remained a mystery. The fact 
that the protein-coding regions of different MUP genes have been 
subjected to selective constraints argues that they have one or more 
functions. There is strong circumstantial evidence based on their 
sites of expression, which suggests that they may be involved in 
behavoural communication (Vandenbergh et al,1976). Furthermore, it 
has been proposed that the active component of MLJPs which mediates 
pheromonal effects is the first six N-terminal amino acids of the 
proteins(Clark et al, 1985b) 	The structure of the orthorhombic 
crystal form of beta-lactaglabulin (BLG), which shares significant 
homology with MUPs, has recently been reported to be remarkably 
similar to plasma retinal-binding protein and a possible binding site 
for retinal in BLG has been identitied by model building. The 
discovery of specific receptors for the BLG-retinal complex in the 
intestine of neonatal calves suggests a role for BL6 in vitamin A 
transport (Papiz et al, 1986). 
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AIMS OF PROJECT 
The questions that I have addressed in this project are as 
follows: 
1. Do MUP genes undergo recombination? 
Hainey and Bishop (1982) examined the MUP proteins of three inbred 
mouse strains by isoelectric focusing in polyacrylamide gels. Each 
strain gave a distinct pattern of major and minor bands, 7 for each in 
the three strains together. The Fl phenotypes were intermediate and 
the F2s were explained by recombination between allelic variants at 
four or more different loci. 	This was reinvestigated by examining the 
MUP proteins of a series of recombinant inbred strains (RI strains) 
because of the greater power of this method in detecting 
recombination events and close linkage. 
2. Are MUPs glycosylated? 
MIJPs have previously been found not to be glycosylated by 
neuraminidase treatment (Szoka and Paigen, 1978) and indeed the kwown 
sequences of the Groupi genes, which specify the bulk of MUPs, do not 
contain an N-linked glycosylation site. 	However, Kuhn et al (1984) 
found a potential glycosylation site in the sequence of p199, a cDNA 
clone derived by transcribing liver eRNA of C57BL/6 mice, which does 
not belong to either Group 1 or Group 2 and is equally divergent from 
both groups. 	By hybridization selection followed by cell-free 
translation of the selected MUP mRNA in the presence of dog pancreas 
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memberanes to effect post-translational modification s Kuhn et al 
(1984) showed that p199 is homologous in sequence to mRNAs that code 
for a group of 4 proteins larger in size and more acidic than the bulk 
of the MUPs, a characteristic expected glycosylated MUPs. The 
interesting features of this gene led us to ask directly whether mouse 
urine contains glycosylated MUP components. This question has been 
answered by experiments involving the use of carbohydrate-affinity 
colummn chromatography and sugar-specific staining. 
3. What are the structural charateristics of the MUP15 gene ? 
pMUPI5 is the counterpart of p199 in BALB/c and is a nearly full 
length cDNA clone (Clark et al, 1985a). 	It contains two insertions in 
relation to the Groupi genes. One in the region coding for the signal 
peptide yielding a signal peptide 4 amino acid longer than those of 
the Group 1 products. 	The other is in exon 6a making it 31bp longer 
than those of the Groupi genes. The major differences between Group I 
and pMUP15 are summarized as follows: 
Group 1 	MtJP15 
1.nucleotide sequence divergence(X) 	 14.67. 
2.amino acid sequence divergence(7.) 	 30.77. 
3.molecular weight of the proteins (kd) 	 19 	 22-25 
4.glycosylation of the proteins 	 - 	 + 
5.expression in submaxillary gland 	 + 	 - 
6.expression in mammary gland 	 + 	 - 
7.response to thyroxine 	 + 	 - 
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8.approx. copy number in the mouse genome 	 15 	 2-4 
(for references of 4-7 see t<hun et al, 1984; Shaw et al, 1983) 
Attempts to isolate the gene gave rise intead of the MUPI5 gene to 
a genomic clone that is closely related to FIUP15. Efforts were made 
to analyse the primary structure of this gene, named BS-HUP16 9 in the 
context of the Groupi genes and MtJP15. 
4. How many copies of BS-MUPI6 and MUPI5-related sequences are 
present in the mouse genome ? Are they expressed in the liver ? If 
they are expressed, what are the patterns of expression with respect 
to sex, strain and response to testosterone ? 
The prerequisite in answering these questions is to have specific 
probes for each gene and appropriate model systems in which the 
specificities of these probes can be tested. The approach taken here 
was to derive probes from regions in which 6rciupl, MUP15 and BS-MIJP16 
are known to differ significantly, and to establish conditions under 
which they are specific. 
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CHAPTER XI., LINKAGE BETWEEN NUP GENES 
1) Introduction 
Linkage Relationship of MUP Genes 
Finlayson and others (1958; 1963; 1969) resolved the MUPs into 
three components, MUPI, MUP2, and MIJP3, by gel electrophoresis (non-
denaturing). Two different patterns of MUP excretion were observed in 
inbred mouse strains. Essentially, strains in the C57-058 group 
(except C57BR) showed one pattern (NUP2 plus MUP3) and all other 
strains examined showed another pattern (MIJP1 plus MUP3) (Hudson et 
al, 1967). BY crossing C57BL with other strains, Hudson et al (1967) 
were able to identify a genetic locus responsible for variation in the 
pattern of MUP excretion. Co-dominant alleles at this locus, the MUP-
a locus, determined the presence or absence of MUP1 and tIUP2. 	It was 
therefore proposed that tIUP-a was a structural gene locus, and that 
the alternative alleles, MUP-a 1 and MUPa 2 , specify the 
structures of MUP1 and MUP2. The MUP-a locus was mapped to linkage 
group VIII (chromosome 4) and shown to be linked with the brown 
locus (Finlayson et al, 1967; 1969). 	Later, the MUP-a locus was found 
to be linked on the other side to the Lyb-2 locus (6cM apart) 
(Taylor and Shen, 1977). Szoka and Paigen (1979), however, showed 
that NUN and MUP2 were not simple allelic alternatives. MUP-a' 
homozygotes contained traces of MUP2, and likewise MUP-a 2 
homozygotes contained traces of MUP1. Based on these and other 
evidence, they proposed that the MUP-a locus was regulatory rather 
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than structural. Hoffman (1970) showed that inbred strains of mice 
contained up to four different MUPs, rather than the three studied by 
Finlayson and coworkers. Hastie et al (1979) showed that the mouse 
genome contained 15 to 20 MUP structural genes. These developments 
led Hainey et al (1982) to reexamine the MUPs of three inbred strains 
by iso-electric focusing in polyacrylamide gels. The result showed 
that there were at least seven major species of MUPs and about seven 
minor species. Each strain gave a distinct pattern of major and minor 
bands. Fl offspring from crosses between BALB/c and C57BL and between 
JU and C57BL showed intermediate phenotypes. F2 offspring of the two 
crosses (42 and 54 progeny, respectively) showed phenotypes which were 
interpreted as resulting from recombination between allelic variants 
at four or more different loci. However, by southern blot analysis of 
DNA from two different sets of recombinant inbred mouse strains (RI 
strains), CXB (7 strains) from a cross of BALB/cBy and C57BL/6 
progenitors and the AKXL strains (18), Bennett et al (1982) showed 
that each RI strain gave a distinct band pattern identical to that 
found in one or the other progenitor; non had a pattern different from 
a progenitoral one, suggesting no recombination between MUF' structural 
genes, therefore, differences seen in the band patterns of genomic 
Southern blots of various inbred mouse strains are not due to 
recombination between tIUP structural genes. 
2) Linkage between MUP genes 
To reinvestigate the possibility of recombination between MUP 
genes, I analysed the iso-electric focusing patterns of urinary 
proteins from 21 RI strains derived from a cross between C578L/6 and 
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DBA/2J. These RI strains had previously been scored for MUP genotypes 
by means of non-denaturing polyacrylamide gel electrophoresis which 
devided them into two parental types (Taylor and Shen, 1977). 
RI strains of mice were first developed by Bailey (1971). They 
are derived from the cross of two unrelated but highly inbred strains 
(progenitors) and have been maintained independently under a regime of 
strict inbreeding since the F2 generation. This procedure fixes the 
chance recombination of genes that occurs in the generations following 
Fl. Unlinked genes are randomised in the F2 generation and are 
therefore equally likely to be fixed in progenitor or recombinant 
phases. Linked genes tend to become fixed in the progenitoral 
combinations in which they enter the cross, but in a set of RI strains 
they are randomised in proportion to their linkage distance. Thus, 
inbreeding preserves part of the linkage disequilibrium generated when 
two inbred strains are crossed. Several sets of RI strains have been 
typed with respect to the numerous genetic differences that 
distinguish the progenitor strains. 
Of the 21 strains, 6 showed the DBA/2J phenotype ,(D) , 3 the 
C57BL/6J (B) phenotype, the other 12 strains showed primarily a new 
type on the basis of presence or absence of a particular band with 
respect to the two progenitor strains (Figure 3). 
Table 3 compares the results of PAGE analysis (Taylor & Shen, 
1977) with the tEE results. Note the broad agreement between the two 
sets of results. All the samples scored B or D by IEF were scored in 
the same way by PAGE. All strains scored as N by lEE were typed B by 
- 
Figure 3. 	lEE patterns of DXB RI strains 
Urinary samples from a number of RI strains and the two progenitors 
were analysed through an lEE gels The numbers refer to the RI strains 
analysed and the two tracks with the same strain number contain 
samples taken from two sibs 	D, DBA/23; B, C57BL/6 	Only the strains 
that show different lEE patterns from the progenitor ones are 
presented here The decisive difference between the progenitoral 
patterns and the N phenotype of the RI strains lies in one particular 
band (indicated with an arrow in D). 	This band is absent in B and is 
far less intense in the RI strains than in B, not only in absolute 
amount but in proportion to other components 	Minor differences are 
also observed between two mice of the same strain, eg in strain 20, 
which is likely due to unequal amounts of samples loaded 
31 a 
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23 	19 	12 	6  
D 2 	 18 	20 
W. 
RI strain Old MUP-typing New MUP-typing 
1 0 0 
2 B N 
B B N 
B B N 
9 B N 
N 
12 B N 
14 9 N 
19 0 0 
19 B B 
lB B N 
10 9 N 
20 B N 
21 0 0 
22 0 0 
23 B N 
24 0 0 
20 0 0 
29 B B 
29 9 B 
30 B N 
31 not determined B 
32 N 
Table 3. 	MIJP typing of DXB RI strains 
D, DBA/2J type; 	B, c57BL/6J type; 	N, new type. 
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PAGE. 
Table 4 summarises the MUP-typing of the RI strains in relation to 
their typing for the two neighbouring loci, Lyb and Brown. 
fl T C I' I C C T nhi  
The data presented above show: 
The order of the three loci on chromosome 4 is probably 
Lyb-MUP-Brown, in support of previous determinations (Hudson 
et al, 1967; Finlayson et al, 1969; Taylor and Shen, 1977). 	The 
unambiguous data, i.e. strains typed B or D by IEF is analysed in 
Table 5. Here, the three alternative arrangement of the three genes 
are compared. The arrangement that requires the least number of 
double crossovers places MUP between Lyb and Brown. 
The N type has not resulted from recombination in the Lyb-
Brown interval, but is more probably the result of segregation of 
one (or more) independent modifier(s). This is shown by the lack of 
any correlation between the appearance of type N and recombination 
between Lyb and Brown. 
The data is compatible with the existence of an independently-
segregating pair of regulatory alleles, denoted as rb and rd, 
such that the presence of rb and MUPb would lead to the B 
phenotype, the interaction of rd and MUPb generates the N 
typo, and both rbMUPd and roMUPd would give rise to 
IIUP 	 No. of 
Lyb 	Brown 
B 	D 	N 	Strains 
B 	B 	2 	0 	10 	12 
B 	D 	1 	2 	0 	3 
D 	B 	0 	1 	1 	2 
D 	 D 	0 	3 	1 	4 
TOTAL 	3 	6 	12 	21 
Table 4. 	Typing of DXB RI strains with respect to 
MUP, Lyb and Brown 




Mo. 	of 	RI 	strains 
Lyb-Brown-MUP Brown-Lyb-MUP 
B-B-B 2 2 2 
B-B-B 1 0 0 
J B_D_B 0 1 ci 
B-D-D 2 2 1 
B-B-B 0 0 1 
0-B-B 0 1 2 
0-0-0 3 3 3 
Total 9 9 9 
Table 5. Alternative arrangements of MUP, Lyb and Brown on 
chromosome 4. Double crossovers (B-D--B and B-B-B) required under the 
three arrangements are boxed. 
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the 0 type. 10 N type RI strains appear not to have undergone 
recombination in the Lyb-Brown interval whearas the other 2 N 
type RI strains have, one between MUP and Brown loci (D-N-B), the 
other with a double crossover (0-N-D). 
The SDP of the presumed locus r, was analysed by means of Dr. 
Taylor's computer programme to search for possible linkage with known 
markers. The result was negative. One possible explanation is the 
inherent limitations of RI strains in linkage detection. Haldane and 
Waddington (1931) derived the relationship between the probabilty of 
fixing a recombinant genotype in an RI strain (R) and the 
recombination frequency in a single meiosis (r). For the case of 
brother-sister inbreeding, R4r/(i+6r). As r approaches zero, R 
approaches 4r. This is interpreted to mean that in the development of 
an RI strain prior to fixation of one allele, it will have been 
transmitted through a heterozygote four times on the average, each 
occasion representing an opportunity for recombination with a 
neighbouring gene. Another deduction that can be made is that in 
effect, RI strains "expand" the map four fold when r is very small. 
This is an advantage if one is looking for rare recombinants but a 
disadvantage when the objective is linkage detection and the linkage 
is loose. 
Comparison of the relative efficiency of RI strains to a backcross 
for estimation of recombination fraction (Figure 4) reveals that RI 
strains are more efficient up to r0.125, but rapidly become less 
efficient for greater recombination values (Taylor, 1978). Taylor 








FIGURE 4. Efficiency of RI strains relative to a back-
Ss for estimation of recaabjnatjon fraction 
Adopted from Taylor (1978). 
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detection through the use of Haldane's concept of the radius swept (or 
searched) UgU (Haldane, 1956). S. is defined as the average 
length of chromosome on either side of a marker locus for which 
linkage would be detected in n RI strains, and d,, (the distance 
swept) equals 25,.,, hence is the average length of chromosome 
covering both sides of the marker locus. The power function (the 
probability of rejecting the null hypothesis when it is false) is 
defined to equal 1-B, where B is the probability of failing to reject 




where n is the number of RI strains, and a is the permissible number 
of recombinants for a given n which can be calculated from its 
binomial distribution at a chosen significance level (Taylor, 1978). 
The radius swept, 6, is defined as the integral of the power function 
over all possible distances (between 0 and 0.5). With 14 RI strains 
(the number used to construct the 61W of the proposed new locus was 
15) , the distance swept d is 16.2 cM and the distance would be 
less if the marker or the proposed locus resides near the end of a 
chromosome. This means that linkage between the presumed r locus and 
a known marker would not be detected if the distance is greater than 
16.2 cM or 8.1 cM if one of the loci is near the end of the 
chromosome. 
Taylor (1978) has also shown that the higher the recombination 
frequency between two loci, the smaller the probability of detecting 
linkage between them in RI strains. For example, with a recombination 
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frequency of r0.2 and 14 RI strains, the probability falls to about 
0. 07. 
In this situation where no apparent linkage with any of the 
available markers has been observed, the choice is made to either 
continue linkage testing by traditional crosses, or to wait and hope 
that as more markers are added to the system that linkage will be 
revealed. The RI results may exclude linkage to certain chromosomes 
or parts of chromosomes, thus narrowing further linkage testing. 
The conclusion derived from the above experiment is that there 
appears to be no recombination within the MUP gene cluster, MUP genes 
are rather tightly linked, and that there possibly exists a locus 
which regulates the relative levels of different MUP components in the 
urine and which is unliked to the MUP gene cluster. 
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CHAPTER XXX.. GLVCDSYLATXON OF THE 1UPS 
Introduction 
Glycosylati on 
Glycosylation occurs in the endoplasmic reticulum (ER). Most 
proteins sequestered in the lumen of the ER before being secreted from 
the cell or transported to other intracellular destinations (such as 
the Golgi apparatus, lysosomes, or plasma membrane) are 
glycoproteins. 	In contrast, the soluble proteins of the cytosol are 
not glycosylated (Kornfeld, R. and Kornfeld, S. 1976). 
An important advance in understanding the process of glycosylation 
was the discovery that mainly one species of oligosaccharide (composed 
of N-acetylglucosamine, mannose, and glucose) is transferred to 
nascent proteins in the ER, and that this oligosaccharide is always 
linked to the NH 2 group on the side chain of an asparagine residue 
of the protein (Gibson et al, 1980; Wagh and Bahl, 1981). 	The 
diversity of the asparagine-linked (N-linked) oligosaccharide 
structures in mature proteins results from extensive modifications of 
this single precursor structure, most of which occur during subsequent 
transit through the Golgi apparatus (Hubbard and Ivatt, 1981). The 
actual transfer of the oligosaccharide to the asparagine is believed 
to take place on the lumenal side of the ER membrane, and the enzyme 
catalysing this event is the membrane-bound glycosyl transferase with 
its active site exposed on its lumenal surface (Schachter and Roseman, 
1980; Dunphy et al, 1985). 	This fact explains why cytosolic proteins, 
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which never encounter the lumenal side of the ER, are not 
gi ycosyl ated. 
The N-linked oligosaccharides are by far the most common ones 
found in glycoproteins. Often, but less frequently, an 
oligosaccharide is linked to the OH group on the side chain of a 
serine residue, or still less frequently, of a threonine or 
hydroxylysine residue (0-linked oligosaccharides). 	In contrast to N- 
linked glycosylation, 0-linked glycosylation is generally presumed to 
be a post-translational event in that the initial addition of N-
acetylgalactosamine to a serine or threonine residue is mediated by 
glycosyltransferases located in the Golgi area (Patzelt and Weber, 
1986). 	As compared with N-glycosidically bound oligosaccharides the 
structure of 0-linked oligosaccharide moieties in secretory proteins 
is generally very simple, consisting mainly of the linkage sugar N-
acetylgalactosamine, of galactose and sometimes of sialic acid as the 
terminal sugar (Kornfeld and Korn+eld, 1980). 
The target asparagine (Asn) residues for N-linked glycosylation 
have been found to be almost always in the sequence Asn-X-Ser or Asn-X-
Thr where X is any amino acid except possibly proline and aspartic 
acid (Marshal, 1972; 1974). These two sequence combinations occur 
much less frequently in glycoproteins than in non-glycosylated 
cytoplasmic proteins. Evidently there has been selective pressure 
against these sequences during the evolution of glycoproteins, because 
glycosylation at many sites would interfere with protein folding 
(Alberts et al, 1983). There is one report of glycosylation at an Asn-
Ala-Cys sequence (Stenflo and Ferniund, 1982). An examination of 
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protein sequences has revealed that only about one third of the 
potential Asn-X--Ser/Thr sites in proteins are actually glycosylated 
(Kronquist and Lennarz, 1978). 	0-linked glycosylation, however, 
has not been reported to require a specific sequence of amino acid 
residues. 
Three major types of N-linked oligosaccharides, the complex 
oligosaccharides, the high-mannose oligosaccharides and the hybrid 
oligosaccharides (so named because they have features of both high-
mannose and complex-type oligosaccharides), are found in mature 
glycoproteins (Figure 5). 	Sialic acid is of special interest as it is 
the only sugar residue of glycoproteins that bears a net negative 
charge. 
While different proteins can be very differently glycosylated, the 
copies of a single type of polypeptide chain usually contain the same 
oligosaccharides at each stage of their maturation. Most differences 
in the oligosaccharide structures found attatched to different mature 
proteins are generated by subsequent modifications made during their 
passage through the Golgi apparatus. The oligosaccharide processing 
is highly ordered so that each step is dependent on the previous step 
in the series of trimming and addition reactions (Hubbard and Ivatt, 
1981). 	It is worth noting that the addition of sialic acid moitias to 
a glycoprotein occurs at the last stage of processing in the Golgi 
apparatus. 
Proteins destined for secretion are concentrated and stored in 
6olgi-associated secretory vesicles in highly specialized secretory 
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Figure 5 	Structures of the major types of asparagine-linked oligosacchrides. 
- The boxed area encloses the pentasaccharide core common to all N- 
liked structures. 
Sal, galactose; 	Fuc, fucose; S.A., sialic acid. For other abbre- 
viations see Figure 5. 
Adopted from Kornfeld and Kornfeld (1985). 
cells. They are discharged from the cell by exocytosis, a process in 
which the secretory vesicles fuse with the plasma membrane to release 
the contents to the outside, in response to an appropriate signal 
(Palade, 1975). 
Finlayson et al (1968) carried out gel filtration of the non-
dialyzable fraction of urine from inbred mice on Sephadex G-100, 
yielding three peaks (1,11,111 in order of mobility) the relative 
sizes of which varied with the sex and strain of the mice. 
Constituents of peak I included uromucoid (Tamm-Horsfall mucoprotein). 
Peak III was low in nitrogen, rich in carbohydrates, non-precipitable 
with trichloroacetic acid, gave no difinitive ultraviolet or visible 
spectrum, and had a sedimentation coefficient of 0.5. Peak II 
contained the electrophoretically distinguishable MUP complex. 
Results 
Figure 6 outlines schematically the strategy with which the 
glycosylation of tIUPs was investigated. 
Mouse urine samples were collected and dialysed against 10 mM tris 
and fractionated through a Sephadex 6-100 column. Normally, three 
fractions were obtained (Figures 7 and 8). Note that peak II of the 
female urine is much smaller than that of the male urine. 
Concanavalin A (Con A) is a haemagglutinating protein isolated 
from the jack bean (Canavalia ensiformis). 	As well as 
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Collect urine from male and female mice (B-tO weekold) 
Dialyse vs. 10 mM Iris 
Fractionate the urine through Sephadex 6-100 column 
Further fractionate peak II through Con A-Sepharose column 
Phenol-H2SO4 	 DS-PAGE 	 IEF-PA6E. 
assay in solution 
ycM604 Staininq 
Figure 6. Schematic presentation of the strategy with which the 
glycosylation of MUPs was studied. 
I, II, and III in step B refer to the three fractions in order of 
their respective chromatographic mobility. 	Similarly, I and II in 
step C represent the two fractions obtained when gel-filtered MUPS are 
seperated through a Con A-sepharose column. 
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MW 
Fraction number 
ure7. Gel filtration of the urine from C57BL male mice. Fraction 11 
contains the MUP components. For details, see Materials and Methods. 
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1 	I 	-1 
40.00 48.00 
ure 8 . 	Gel filtration of mouse urine. 	A: C57BL/6 male mice; B: C578L/6 
female mice; C: BALB/c female mice. 	For details see Materials 
and Methods. 
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agglutinating erythrocytes, it forms insoluble complexes with many 
polysaccharides and glycoproteins in a way reminiscent of antigen-
antibody complexes. The reaction between Con A and carbohydrate-
containing molecules is specific for alpha-D-glucosyl and sterically 
related residues. 
The specific binding propertities of Con A have been extensively 
studied by Goldstein and co-workers (1965a; 1965b). The C-3, C-4 and 
C-6 hydroxyl groups of the D-mannopyranose or D-glucopyranose ring are 
required for reaction with Con A. Alpha-glucopyranosides and alpha-
mannopyranosides bind more strongly than the corresponding beta-forms. 
The binding activity requires the presence of Mn'"', or a similar 
transition metal ion, and Ca'". 
Peak II of gel-filtered male mouse urine was further fractionated 
through a Con A-sepharose 4B column. Two fractions were obtained, the 
first one being the unbound MUPs and the second one being the column-
bound MUP which was eluted with borate buffer (Figure 9). Alpha-
globulins were used as a positive control (Figure 10). 
Phenol-sulphuric acid assays 
Any glycoside bonds are hydrolysed by concentrated sulphuric acid; 
the sugars are dehydrated by concentrated sulphuric acid to furfural 
derivatives; the furfural is condensed with a phenol as the specific 
colour-developing agent to yield quinoidal pigments. The assay 
developed by Hodge and Hofreiter (1962) is largely unaffected by the 
presence of proteins, sensitive and general for pentoses, hexoses, 















4.00 	8.00 	12.00 	16.00 	20.00 	24.00 
fraction number 
ure 9. 	Coricanavalin A column chromatography of purified HUPs. 
Fraction A: unbound MUPs; Fraction B: column-bound MIJPs. 
For details, see Materials and Methods. 
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gure 10. 	Concanavalin A column chromatography of alpha-globulins. 
Fraction 	: unbound components; 	Fraction 	:column-bound 
components. 	For details, see Materials and Methods. 
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uronic acids and all of their polymers except for two amino sugars: N-
acetyiglucosamine and N-acetylgalactosamine. It is insensitive to non-
carbohydrate lipids and amino acids. Optical density is determined at 
480nm and 415nm. The former is specific for hexoses, disaccharides, 
oligo- and polysaccharides, including their methylated derivatives, 
the pentoses, methylpentoses and uronic acids , while the latter is 
specific for certain of the methylated pentoses and methylglycosides. 
The assay was applied to MUPs at different stages of purification, 
along with a positive control (alpha-globulins) and a negative control 
(bovine serum albumin, BSA). 	The results are summarised in Table 6. 
Note that whole urine has a higher ratio than the gel filtration-
purified fraction II of MUPs, a reflection of the presence of 
carbohydrates in peak III of the urine. Some of the carbohydrate in 
the gel-filtered MUP preparation was not retained by Con A (the ratio 
of Con A-unbound compared with that of BSA), suggesting the presence 
of sugars that have a weak affinity for Con A. 
Thymol-sulphuric acid staining of glycosylated MUP in 
polyacrylamide gels 
The phenol-sulphuric acid assay system was modified by Racusen 
(1979) for detection of glycoproteins in polyacrylamide gels. 
tIUP samples were first fractionated by iso-electric focusing and 
SDS-polyacrylamide gel electrophoresis, respectively, and then the 
gels were stained for the presence of carbohydrates (Figure 11). 






0D 400 Ratio 	(2/1) 
alpha -globulins 0.25 0.152 0.608 
BSA 0.25 0.029 0.114 
Dialysed 	urine 	(67,4 	Ui) 0.25 0.504 2.016 
Gel-filtration 	fraction 	II 0.125 0.114 0.912 
Con A-unbound 0.119 0.081 0.684 
Con A-bound 0.006 0.013 2.048 
Table 6. Phenol-sulphuric acid assay for carbohydrates present in MUPs 
The amount of urine assayed has been scaled down to those of the controls. 
Starting with 0.25 mg urinary protein, 0.125 mg were recovered in fraction 
II on gel filtration; 0.119 mg of fraction Ii were washed through the Con A 
column, and 0.006 mg were retained by the column. Background control used 
was water. 
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Figure 11. Glycosylation of a minor MUP component 
Purified MUP was fractionated on a column of Con A-sepharose 4B. The 
fractions were resolved by IEF (lanes 1-3') and SOS-PAGE (lanes 4-6'). 
Tracks 1-3 and 4-6 were stained with Coomassie blue. Tracks 3' and 6' 
were stained by the thymol-sulphuric acid method. Lanes 1 and 4, 
total MUP (gel-filtration fraction II); lanes 2 and 5, unbound MUP; 
lanes 3, 3', 6 and 6', MUP bound to Con A. Arrows indicate the sugar-
stained minor component. The arrow-indicated bands in lanes 1, 3, and 
3' are believed to be electrophoretically identical. Wavy bands in 
lanes 3 and 3' were due to excess salt present in the samples causing 
distortion in the gradient. 
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By a combination of methods, gel filtration, Con A affinity column 
chromatography, iso-electric focusing, SDS-polyacrylamide gel 
electrophoresis and sugar-specific assaying and staining, a minor MUP 
component has been shown to be glycosylated. 
It is likely that this minor glycosylated MUP component is encoded 
by the MUF'lS gene and/or closely related gene(s). This conclusion is 
based on two considerations: 
Only MUP15 and BSMUPI6 (see below) have so far been found 
to contain a N-linked glycosylation sequence, Asn-Ile-Thr. The bulk 
of the functional MUP genes , namely the Group 1 genes, do not possess 
such a the sequence (Clark et al, 1984c). This is compatible with the 
observation that most of the MUP components are not glycosylated. 
Khun et al (1984) hybrid-selected MUP mRNAs using a C57/BL-
derived cDNA clone, P199-5', which is identical to the 5' part of 
MUP15 (cDNA derived from BALB/c mouse liver). The in vitro 
translation of P199-5'-selected mRNA gave rise to a group of four 
proteins that showed similar features, i.e. more acidic and larger in 
size, characteristics expected of glycosylated MUPs (Kuhn et al, 
1984). 
Knopf et al (1983) showed that the four proteins generated in 
vitro by 5'-p199-selected mRNA (see Figure 1) are not present in 
urine. However, the urine contains three higher molecular weight 
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proteins which are more acidic than any of the in vitro 
products. The difference in mobility between the three urinary 
proteins and the four in vitro translation products may possibly 
be due to posttranslational modifications which occur in vivo but 
not or not efficiently in vitro. For example, the sialic acid 
residue is added in the Golgi apparatus in vivo at a late stage of 
the glycosylation process (Hubbard and Ivatt, 1981). This stage could 
be absent in an in vitro situation, and this would lead to a 
difference in charge between in vivo and in vitro products. 
CHAPTER IV. SEQUENCE ANALYSIS OF BS—MUP16 
1) Introduction 
Two types of events in the evolution of multigene families can be 
distinguished. 	(1) Events that basically generate divergence, 
point mutations, insertions and deletions. 	(2) Events that tend to 
homogenize the gene family, namely unequal crossover and gene 
conversion. 	Generally speaking, divergence creates multiple functions 
expressed in different species, in different tissues and at different 
developmental stages, while homogenization may help to meet 
requirements for abundant gene products. Both of these processes 
promote improvement in an organism's adaptation to the changing 
environment and very often both occur at the same time or at different 
stages in the evolution of a gene family. 
Unequal crossover occurs fairly frequently between nonallelic but 
homologous genes when they are arranged tandemly on 
(Ohta, 1983). For example, studies with yeast rDNA 
unequal crossover occurs within the rRNA genes at a 
2X10 2  between the rDNA of sister chromatids (Petes 
Together with gene conversion, unequal crossover is 






of members of a 
gene family as a mechanism of maintaining sequence identity, although 
at present it is not known which of the two mechanisms (gene 
conversion and unequal crossover) contributes more (Ohta, 1983). 
Small repeated elements have been implicated in unequal crossovers as 
possible boundaries of the duplication event. Direct repeats may 
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provide excellent targets for unequal crossover and inverted repeats 
can cause localized inversions. 	In reviewing the subject, Jeffreys 
and Harris (1982) stressed the prevalence of families of short 
repetitive elements scattered throughout the mammalian genome and 
suggested that this type of crossover event between repeated sequences 
may have general importance in the evolution of multigene families. 
Non-allelic gene conversion events have been held to be 
responsible for the conversion of the 5' two thirds of the A gamma 
globin gene to become more like the Ggamma globin gene on the same 
chromosome (Slightom et al, 1980). Similarly, the appearance of the 
mutant class I FIHC H_2K1ffu gene is thought to be due to conversion 
of H_2K1 by another H-2 class I gene, H_2Ld (Weiss et al 
1983). Additional comparisons of class I MHC genes suggest that gene 
conversion is a continual process that occurs among these genes and 
that it is largely responsible for the generation of their extensive 
polymorphism (Hansen et al, 1984). Two recent gene-conversion events 
were proposed to explain the structure of the two human haptoglobin 
genes, Hpr and Hp (Maeda and Smithies, 1986). The Hp gene has three 
common autosomal alleles, Hp 1 , Hp 16 and Hp 2 . Comparison 
of Hpr, Hp' and HP 16 led these workers to the conclusion that 
the Hp IF  allele was formed by a gene-conversion event that 
transferred a stretch of 281 nucleotides from within the Hpr gene into 
a gene at the Hp locus, and also that gene conversion is responsible 
for the perfect conservation of a 620-bp region at the 3' end of the 
Hp and Hpr genes extending 370 bp beyond the poly(A) signal sequence. 
Gene conversion has also been involved to explain sequence features of 
the epsilon globin locus (Hill et al, 1985), two goat alpha-globin 
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genes (Schon et al, 1982), the gorilla fetal globin genes (beta-
type) (Scott et al, 1984), the immunoglobulin Vkappa genes and 
the alpha 1 and alpha 2 constant region genes (Bentley and Rabbits, 
1983; Flanagan et al, 1984), and the bovine vasopressin and oxytocin 
precursor genes (Ruppert et al, 1984). 
Generally speaking, members of gene families are structurally 
homologous in both coding and non-coding sequences. The exons show 
extensive sequence similarity and are usually of similar sizes. 
Introns are less highly conserved and may vary considerably in size. 
However, their positions within the transcriptional unit are 
relatively well conserved. For example, the ovalbumin, X, and V genes 
in chickens contain the same number of introns (seven) and exons 
(eight). Although equivalent introns in the three genes vary in 
length, equivalent exons are approximately equal in length. The last 
exon, which contains the 3' untranslated region, is the only one that 
varies substantially in length. The exons exhibit many fewer base 
changes than do the introns (Heilig et al, 1980). Other examples of 
the same kind are the albumin and alpha fetoprotein genes in mice, 
the globin genes, the tIHC genes and the immunoglobulin genes. 
In silk moths, a very large family of genes encode the chorion 
proteins which have similar amino acid sequences. The genes in many 
ways parallel the MUP genes. They fall into three classes, A, B, and 
C. All classes have a single intron. 	In the chromosome, the A class 
genes and the B class genes exist as A/B pairs. Several such pairs 
can reside in a chromosomal segment of 10 to 15 kb. Each pair of 
genes represents a duplicated DNA segment, with perhaps as many as 50 
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such segments in the genome. The A and B genes of a pair, like the 
Group 1/Group 2 pairs of MUP genes, are transcribed in opposite 
orientations. 	In each duplicated set, the two characteristic 
features, the divergent transcription and the single intron, are 
maintained. Sequence comparisons between both moderately and widely 
divergent members of the chorion gene family show that the exons, 
especially the coding regions, are more conserved than the introns and 
the 5' and 3'flanking regions (Jones and Kafatos, 1980). 
Nevertheless, certain differences in the structure of the 
transcription unit are sometimes seen in gene families. For example, 
the presence of different poly(A) addition sites in the ovalbumin, X 
and V genes generates variation in the size of the last exon (Heilig 
et al, 1980). Variation in the number of introns is seen in the rat 
preproinsulin gene family (Lomedico et al, 1979), the chicken histone 
gene family (Engel et al, 1982), the sea urchin actin gene family 
(Durica et al, 1980), and the tick globin gene family (Antoine and 
Messing, 1984). 
Differential splicing occurs not only between members of a gene 
family but also within a gene as an alternative strategy of generating 
divergence in gene structure. For instance, alternative 
polyadenylation brought about by differential splicing is responsible 
for the production of two mRNAs specifying the membrane-bound 1gM 
(IgMm) and secreted 1gM (IgM) from a single structural gene 
(Rogers et al, 1980). 	It has been suggested that three mRNAs coding 
for the major and minor mouse liver alpha-amylases as well as their 
salivary gland counterpart may be transcribed from the same gene by 
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differential splicing of distinct 5'-terminal segments (Hagenbuchle 
et al, 1981). 	Similar features exist in the MUP gene family. 
Differential splicing is thought to generate exon 6 of two different 
sizes in Group 1 genes (Clark et al, 1984c). 
Greater homology in the 3'untranslated region MR) than in the 
protein coding region (PCR) has been observed for mRNAs coding for two 
major rat seminal plasma proteins (S and F), respectively (Mcdonald et 
al, 1984). However, the evolutionary conservation of the UTRs is no 
higher than that of (JTRs generally [the ratio of Ku over K 8 is 
0.63 against a general value of 0.67 (Miyata et al, 1980); K u is 
the proportion of nucleotide substitutions in the 3 untranslated 
region and K 8 is the proportion of silent nucleotide 
substitutions] and thus provides no evidence for a specific regulatory 
role. The effect seems to be due to rapid divergence of the S and F 
which may have occured because their particular functions merely 
require the maintenance of a flexible conformation rather than exact 
positioning of specific residues. 
Analysis of 36 class I MHC genes shows that the exon coding for 
the third external domain is far more conserved than those encoding 
the first and second external domains . It has been suggested that 
this pattern of conservation is directly related to the functions of 
the three domains. The third domain is conserved in order, perhaps, 
to interact efficiently with beta2-microglObulin. 	In contrast, the 
first and second external domains may be involved in cell-cell 
interactions such as those associated with antigen recognition by I 
cells, therefore, more divergence is required to maintain the 
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flexibility of these two domains (Steinmetz et al, 1982). 
Members of a gene family often show similarity in their flanking 
sequences, although the degree of sequence conservation is generally 
less than that of the transcription unit. Large deletions and/or 
insertions are sometimes observed in either 5' or 3' flanking regions 
or in both. 	For example, extensive homology exsits among members of 
each of the 2 groups of MIJP genes and between the groups over a large 
distance before being truncated by insertions and/or deletions (Clark 
et al, 1984a). Large insertions/deletions of varying sizes are found 
within the 3' flanking regions of the chorion genes in silk moths and 
it has been suggested that the large inserts may decrease the rate of 
unequal crossover (Jones and Kafatos, 1980). 
2) BSMUP16g a MUPI5-related cienomic clone 
An attempt was made by M. Robertson to isolate the MLJP15 gene from 
a BAL8/c genomic library constructed using the bacteriophage lambda 
vector Charon 4A (Davis et al, 1980) using a MUP15-specific cDNA probe 
which contains most of exons 1 and 2. From a screen of 2XI0 5  
recombinants a single clone, subsequently named BS-MUP16, was 
obtained. This was mapped, in collaboration with Dr. R. AiShawi, by 
restriction enzyme digestion and DNA hybridization. The map obtained 
is shown in Figure 12. 
The alignment of BS-MUP16 with B96, a representative Group 1 gene, 
and with BS2, a representative Group 2 gene, by the homologous EcoRl 
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Figure 12. 	Restriction map of BS-MUP16. 
The restriction map of BS-MUP16 is presented by alignment of an EcoRl site 
with the homogeneous EcoRI sites of 896 and 892 (from Dr. R. Aishawi, 
1985). A-- KpnI; 0--EcoRI; •--BamHI; D--HindIII; 7--Sad; 	--PvuII. 	X and n 
represent XmnI and NsiI sites, respectively, which were determined only for. 
the specific regions, not for the whole clone. 	One Hindill site (?) has not 
been finally placed. 	It could be at either of the positions shown. 	
H$li 	
n&u 
and *" denote homologous PvuII and KpnI sites and the EcoRI-BamHI region that 
is present in all three clones. 
site (*) reveals two other homologous sites ($ and &) within the 
transcription unit of BS-HUP16. 	In addition, a sequence in the 3' 
flanking regions of both BS6 and BS2 and flanked in each case by EcoRl 
and BamHI sites ( ) is also present in BS-MLJP16. This sequence is 
highly conserved and probably is present in all MUP gene clones that 
extend far enough into the 3'flanking region (AiShawi, 1985). 	It has 
been found to contain sequences that may encode a transcript found in 
some tissues other than liver (Dr.R.AlShawi, personal communication). 
Compared with BS6, this sequence is about 5 kb closer to the 
transcription unit of BS-MUP16, suggesting that a large deletion or 
insertion has occured in this region. 
3) Nucleotide sequencing strategy 
Determination of the nucleotide sequence of DNA is one of the most 
important tools in molecular biology. There are two major methods for 
DNA sequencing, the Maxam-Gilbert method and the chain-termination 
method of Sanger. The former method, which is based on the base-
specific cleavage of the DNA by chemical reagents, is mainly used for 
determining short sequences. The latter method takes advantage of an 
important property of the Klenow fragment of DNA polymerase I, namely 
its ability to synthesize faithfully a complementary copy of a single-
stranded DNA template. 	In addition the dideoxynucleoside analogues of 
the deoxynucleoside triphosphates are employed. When one of these is 
incorporated into the growing strand the synthesis reaction terminates 
due to the lack of a 3'-hydroxyl group for further chain elongation. 
Single -stranded DNA templates can be conveniently prepared from the 
single-stranded bacteriophage t113. This was the method employed here. 
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The sequencing strategy is illustrated in Figure 13 and the clones 
prepared for sequencing are listed in Table 7. 
4) BS-MUP16 unlike other MUP genes, does not have a seventh 
ex on 
In the course of mapping and subcloning the lambda clone, it was 
found that, unlike other MUP genes examined so far, BS-MUP16 lacks 
exon 7, which is large and entirely untranslated. 
The evidence came first from hybridizations using as probes 866-1-
1, a plasmid subclone of BS6 which contains intron 6 and exon 7 (see 
Figure 2), and pMUP15, the entire cDNA clone (Figure 14). Lane 6 
contains an P113 subclone of BS-MUP16, KSKR, which bears a 0.65kb 
fragment harbouring exon 6 and the sequence downstream (see Figure 13 
and Table 7). Neither BS-MUP16 nor KSKR reacted with 866-1-1 (Figure 
141-s, lanes 3, 4 and 6), but fragments of the size expected did react 
with pMUP15, (Figure 148, lanes 3, 4 and 6). Thus, BS-MUP16 appears 
not to contain sequences homologous to exon 7 of 866 which is known to 
be homologous to exon 7 of pMUP15 (Clark et al, 1985a). 
This observation agrees with the mapping data which showed that 
the conserved 866-3-related region of BS-MUP16 is much closer to the 
transcription unit than its counterpart in either 896 or 862 (Figure 
12), and also with the result of electronmicroscope examination of the 
heteroduplex formed between BS-MUP16 and CL6, a Group 1 clone, which 
showed a 0-loop in this region (Adrian Carter, unpublished data). Both 
sets of data suggest that a large deletion (about 5 kb in length) has 
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Figurel3. Strategy for sequencing the eons of BS-MUP16. 
The restriction map of part of the BS-MUP16 clone is presented at the 
top of the figure. The arrowed lines below indicate the direction of 
sequencing abd length of the sequences determined. The numbers above 
each arrowed line refer to individual subclones listed in Table 7. At 
the bottom of the figure the transcription unit is shown as a 
continuous line with the exons drawn as filled boxes. 
•--BainHI; ®--XmnI; '--NlaIV; 0--EcoRI; 0--Hindlil; t--PvuII; 















1 BRBX 700 307 B/X S t9130 B/Sm 
2 BRXB 700 262 B/X A-S mph B/Sm 
3 BRXX 400 298 X S tg131 Sm 
4 BRNS 110 110 N1/Ss A-S tg131 Sin/Ss 
5 BR 1500 393 R A-S tg131 B/R 
6 BKRR 1100 384 R A-S tg13I R 
7 BKRR 1100 30 R S t9131 R 
8 BKHR 1000 325 H/R S t9130 H/R 
9 BKSB 3200 204 B/Ss A-S tg131 B/Ss 
10 BKSK 700 156 Ss/K S tg131 Ss/K 
11 BK 3900 290 B/K A-S tg131 B/K 
12 KSKR 850 256 R/K S tg130 R/K 
13 KSNR 705 368 Ns/K S tg130 P/K 
14 KSRK 850 160 RJK A-S tg131 R/K 
Table 7. 	Subciones of BS-MUP16 for sequencing. 
"No." refers to the numbering of BS-MUP16 subclones in Figure 13. B, BamHI; 
X, XmnI; 	Sm, Smal; 	Ni, N1aIV; 	Ss, SstI; 	R, EcoRI; 
	
H, HindUl; K, KpnI; 
Ns, NsiI; P, PstI. 8, sense strand; 	A-S, antisense strand. 
The sequence files of BRXX, BRNS and BR were combined and named BRX. The 
combined sequence file of BKHR, BKSB and BKSK is named BKS, that of KSKR 
and KSNR named KSKNR. 
-Sib- 
Figure 14. Southern blot hybridization of BS-IIUPI6 and KSKR. 
lane 1, pBR322 markers; lanes 2 and 8, 	pCM2 markers; lane 3, 
BS-MtJP16 restricted with EcoRl; 	lane 4, BS-MUP16 restricted with 
EcoRI and BamHI; 	lane 5, 	B66-1-1 restricted with PstI and Hindlil; 
lane 6, KSKR restricted with EcoRI and KpnI; 	lane 7, 856 restricted 
with EcoRI and BamHI. All tracks contain 0.5 microgram DNA. 
Probes: 	(A) 866-1--1; 	(B) ptlUP15. 	Washing stringency: 75 mM Na and 
17. SDS. Exposure: overnight at -70 0 c. 	The membrane used in (A) was 
hybridized with the pMUP15 probe immediately after the first exposure and 














(A) 	 (B) 
occurred in this region of BS-MUP16, removing exon 7 together with 
much of intron 6 and an extensive 3'-flanking sequence (Figure 15). 
The D-loop heteroduplex structure also suggests that more than one 
insertion/ deletion event has occured in this region. Bishop et 
al (1985) showed that large deletions/insertions in the 3' flanking 
regions with respect to the highly conserved 896-3-related sequence 
are a common feature amongst MLJP genes and suggested that the 
contemporary MUP genes may be related through a series of large 
deletion or insertion events or both in this region to an ancestral 
gene. 	A similar breakpoint is also present in the 5'-flanking region 
of BS-MUP16 (Figure 15). Unlike Group 1 and Group 2 genes which share 
extensive homology (about 3.5 kb) in the 5'-flanking region, homology 
between BS-MUPI6 and 896 only extends shortly upstream of the cap 
site (see below). 
Confirmation of both the 5' and 3' breakpoints was obtained 
by sequence analysis of these regions (Figures 16 and 17). This point 
in the 5' region can be placed at around nucleotide -737 of 896 (at 
the point marked by a vertical line in Figure 16) and in the 3'region 
it is located 319 nucleotides downstream of the end of the short form 
of exon 6 of 8S6 (Figure 17). There are two noticible features in the 
sequence of BS-f1UP16 around the 5' breakpoint. One is a duplicated 
direct repeat right across the boundary: 
5' TCTTTTTUCTTTTT 3' 
followed by a track of 21 almost pure A and T residues. The other 
is a stretch of alternating purine (R)/pyrimidine CV) residures 
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BS-MUP 16 
Figure 15 	Break points of homology between 86-MUP16 and BS6.BS- 
MUP16 and B66 were aligned by their homologous regions (solid lines 
with exons as filled boxes). 	Non-homologous regions are indicated by 
dashed lines and points of homology breakdown are marked by arrows at 
the ends of the solid lines. 	u/u denotes omission of sequences. An 
EcoRl (0)-BamHl (•) fragment in BS-MUP16 homologous to BS-3 is 
indicated by connections between the two with dashed lines. 
1kb 
BS-WJ16 g g 	agagt 	a 	...ca t aq..c 	.....ggaac c ..a 
886 	ttact c . 	. 	. . 	c 	cg. 
BS2 at 	 99 g 
Consensus T6A+CT66 CTACTGATAC CACTIT-GAT TCTGASGTCA -TGCTA-CTG TAC4A-68T T6AA-CCm 
71 
BS-1016 a a gttt t gtttg t tgt ttg t a c t t ..... c 	t 	c t 
886 	c 	.at 	 .a a 
BS2 ..t c c a cq 	g 	c 	a 
Consensus T-AC66CAI3C TAT-C-C-TA GCCTTGISAAS ACTT1TCTT6 ATA--TTTTT TAA-TTAA6A TTTACTATTT 
141 
BS-W16 	 t 	a t 	 t gg 	 g ca 
886 	t 	a .t 	t .... ta 	at 	a 	...... t 
882 t 	t.. a a 
Consensus TTATGT6TAT 6T6CCT6AAT GABTTTATAT 6CACCACATG TG-ACA--A8 £AGSCCACAG 66-TC--AAA 
211 
BS-tllJP16c 	 a 	t 	 q 	ta 	a. 	a 
BS6 	t ct 	gt 	t a 
BS2 
	
a 	g 	g t 	a 	 a gt 	gta 	.a 
Consensus -GAAAGTATG TGATTTCCT6 TTACT6AAGT TAI3A6TCAGT TTT6I3t3A-13C CAT66SAI3T6 CTGGTAATTG 
281 	 308 
BS-H16. 	 .c 
886 	a g t 	t 
852 . 	t 
Consensus -AACCTGGST CCTCAG-AAA AACAAGTT 
Figure 16. 	Comparison of BS-MUP16, 886 and BS2 around the 5' breakpoint. 
The 5' sequences of BS-MUP16, 886 and 882 were aligned using the GAP programme 
to maximize homology. 	The comparison starts at nucleotide position -845 of 886 
(arbitrarily numbered 1 here) and shows the distortion of homology in the up-
stream region (before the vertical line) and relative conservation in the down- 
stream region. The consensus is established with any two identical nucleotides 
out of three, and divergence of any one sequence from the consensus is viewed 
as the number of differences shown in lower case. 
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1 	 60 
BSMIJP16 	 c 	 9 
896 	 t 	 a 	t 	9 
892 g 	g c 	t c 
Consensus G6ATITGAGT TTTACATAGT TSATGTATGG TTGTGTAAAA AASGCTCA6C AATGGGTTCA 
61 	 120 
BSMUP16 	t c 	 t 	c q 	 t c 
866 	 g a g 	t 	 a t 	t 	 a 
BS2 a 	 cca g 
Consensus ATATCATTAA -AGACAGAST AGCAGGATGT GGTATASCTG CTCTTCAGTG TCTGTGG-C- 
121 	 180 
BSMUP16 	t aga 	c g ta 	a t 	a 	ag cc 	cc aa 
8S6 	 c c 	 q 
892 t t 	 c 
Consensus CCTCC-CCAT CCCACTC-AG ATAATAACAT CTTAATCTGA ACTCTGTACA ACCTTGGCTT 
181 	 239 
BSMUPI6 	aqa g a tc t ..a 	gtctc. a 	aacag c g g ctagg tt agtg q a 
866 	 qgc t g 	.qt 
862 f 	 a c 	 g  
Consensus CTTACCTGGG AGTGGA-ATA CCTGATCACC ACTTCTC-AC CA-G--Tt36A GAGCAAATT- 
Figure 17. 	Comparison of BS-MUP16, 866 and 862 around the 3' breakpoint. 
The comparison starts at nucleotide 3038 relative to 8S6 and shows the 
breakdown of homology in the 3' part of the comparison (boundary marked by 
a vertical line). 	The chosen plurality of the comparison is 2. 
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immediately following the A/I-rich region: 
5' RVRYRYRYRYYYVYRRRRRVRYVYRYRYRYRVYRYRYRYRYRYAGGAGSA663' 
Short direct repeats have been implicated in the generation of 
several deletion mutants of the human beta-globin gene. They are 
found to flank deletions in the coding sequences. Both repeats can be 
present in a deletion mutant in a joint fashion with the sequence 
between deleted, such as in Mb Coventry, or only one copy is 
present with the other copy deleted together with the middle sequence 
as in the case of Mb Hiteroi in which either the 5' or 3' copy of 
the repeat is preserved (Efstratiadis et al, 1980). The same workers 
have also proposed a 'slipped mispairingt' model for the generation of 
deletions during DNA replication using direct repeats as boundaries of 
deletion reaction. Alternating R/Y sequences favouring the formation 
of left-handed DNA can represent unique recognition signals for 
specific DNA-protein interactions. For example, some DNAse I-
hypersensitive sites have been found located about 25 bp on either 
side of the Z-DNA forming regions in the control region of SV40 
(Nordheim and Rich, 1983). 
The specific sequences around the 5' breakpoint in BS-MIJP16 may 
have been involved in a nuclease reaction(s) which resulted in the 
deletion of the far upstream sequence. There is no sequence features 
around the 3' breakpoint in BS-MIJPI6 as noticible as those found at 
the 5' breakpoint except for a stretch of 24 nucleotides immediately 
3' to the breakpoint which is 83.3'!. A/I-rich. There could have been 
similar direct repeats present in the ancestral gene, but later, 
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either the 5' or 3' copy of that repeat may have been deleted together 
with the sequence in between as was likely the case for Nb Niteroi. 
5) Assembled exonic sequence of BS-MUP16 
The exonic sequence corresponding to the mRNA of BS-MUP16 was 
assembled from sequences of sub-clones by reference to the sequences 
of BS6 (Group 1 genomic clone) and MUPI5. Subclones of BS-HIJF'16 from 
which the exonic sequence was assembled are summarized in Table B. The 
complete sequence contains a single open reading frame specifying a 
polypeptide 181 amino acid long (Figure 18). 	The cap site and the 
exon/intron boundaries were determined by comparison with 866 and 
862. Since exon 7 is missing, the mRNA for BS-MUP16 may either 
contain a new exon spliced to the same exon 6 donor site as that of 
the short BS6 message (see Figure 2), or may terminate at the end of 
an extended exon 6 like the long 8S6 message, or may have some other 
3'-terminal organization. BS-MUP16 and 866 are quite homologous in 
this region. A search for potential splice acceptor sites showed that 
a sequence TSCTCTTCAG (with one mismatch to the consensus YYYYYYXCA6) 
is located far more downstream of the donor site than the closest 
potential poly(A)-addition signal, AATAAA (Figure 19). 	A compilation 
of DNA sequences at the 3' termini of 55 mammalian and eukaryotic 
viral mRNAs reveals that 26 have the dinucleotide CA at the poly(A) 
addition site between 11 and 26 bases 3' of the poly(A) signal, 13 
have AT or TA, 5 have GA, 4 have AA, 4 have CC and 3 have AC 
(MclaUChlan et al, 1985). 	The first CA sequence after the poly (A) 
signal of BS-tIUP16 appears 27 nucleotides downstream from the AATAAA 
sequence (Figure 18). McLauchlan et al (1985) derived the consensus 
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Nucleotide Sequence 
Exon Subclone position Length 	(bp) file 	name 
1 BRXX 100-264 165 BRX 
2 BR 588-721 134 BRX 
3 BKRR 101-174 74 BKRR 
4 BKSB 162-272 lii BKS 
5 	 BK 	 51-152 	 102 	 BK 
6 	 KSKR 	 35-188 	 154 	 KSKNR 
Table 8. Subclones of BS-MUP16 from which the exonic sequence 
was assembled. All sequences are in the same transcriptional 
orientation. 
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Figure 18. The assembled exonic sequence of BS-MUP16. 
The assembled exanic sequence of BS-MUP16 is presented above the 
broken line with the polypeptide sequence shown below. 	The cap 
site signal peptide boundaries of individual exoris, 	the poly- 
adenylation signal AATAAA and the potential poly(A) addition site 
CA are marked. 
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CAP SITE 	 ISIGNAL 
PEPTIDE 
GGA6TGTAG6CACCATAACCT6A6ACGTGGTCCT6AAAGGAAGACAAITCTATTCCCTACCAA4T6A 




71 ---------+ ---------+ ---------+ ---------+---------+----------+ ---------+ 
L LL L L L CL 6 LIlY C 	Q A E E Y S S M 
exon 2 
6GGAAG6AACTTTAATGTA6AACAATTAGCGG6TATTGGTTTTCTATT6CTAGCCTCTTGAGA 
141 ---------+---------+-+_-"-f +---------+---------+---------+ 	2 
6 R N F N V E Q I S 6 V W F S I A E A S D E R 
GAAAAGATAGAAGAACATGGCAGCATGAGAGCTTTTGTGGAAAACATCACTGTCTTGGAGAATTCCTTAG  
211 ---------+---------+ ---------+ ---------+---------+---------+---------+ 
E -K I E E H 65 MR A F V EN ITV LENS L  
exon 3 
TCTTTAAATTCCATTTTAT GTAAATGAAGAGTGCACCGAAAT6ACTTTGATT6GT6AAGAAACA6AAAA 
281 ---------+-------------------+ ---------1----------+---------+---------+ 
F K 	H F IV N EEC I EM IL I GEE T 	K 
exon 4 
66 C 166 CAT A TAT TAT TI GA AC TIA  16 A 166 A TI C A A TA CAT TI A C TAT A CIT A A GA CA GA C TAT GA TA AT 
351 --------- + 	 + ---------+---------+---------+---------+ 
A 61 V V L N ID 6 F N IF TI L KID Y 	N 
exon 5 
TATATTATGATTTATCTCATTAACGAAAAAGATG6GGAAACCITCCAGCTGATGGAGCTCTAT GCCGAA 
421 ---------+ --------- -1---------- + ---------+ -------------------+----------+ 
VIM I V LINE K D GET F DL M E L V G R R 
GACCAGATTTGAGTTTAGAC4TCAAGGAAAAGTTTGCAAAACTATGCGAGGAGCATGGAATCATTAGAAA 
491 ---------+---------+ ---------+ ---------+---------+ ---------+
---------4  
P DL S L DIKE K F A K L C E E HG II R K 
exon 6 
AAATATCATTGACCTAACCAACGTCA TCGCTGCCTCGAGGCCCGAGAATGAAGAATG6CCTAAGCCTCC 
561 ---------+ ---------+ ---------+ ---------+---------+ ---------+---------+ 
Nil DL TN V N R CL E A RE * 
AGGTGGGCAATATCCAATGA6AGCAAGGGAGCAGGTTGGTGGTCATGGAGAGGCCCTTCCAAATGCATIA 
631 ---------+ ---------+ ---------+ --------------------+---------+ ---------+ 
TTGTGCCCCCAAATTACAATAAAAATGTTTGATAAGOAATCTTTGAGGACA  
701 --------------------------------------------------- ---+ ---- +--- + ----+ ---- +- 751 
Dl 
1 ATCGCTGCCTCGAGGCCCG 'AGAATGAAGA 'ATGGCCTAAG 'CCTCCAGGTGGGCAATATCCAATGAGAGCAA  
I 	1111 	III 	11111111111 	1111111111 	
11111 	11111111111 	11111 	I I 	11111 
1111111; 	iii ii 	1IIIIIIIIII 	1111111! 	
II 	1111111111111 	1111111 	I 	II 	I 	II 
1 ATCGCTGCCTCCAGGCCCC,AGAATGAAGAATGGCCT6AGCCTCCAGGTGG6C TAT ASAGA6CAA 
D2 
poly(A) 
71 GGGAGCAGGTT66TG6TCATGGAGAG6CCCTTCCAA1TGCATTA . TT6T6CCCCCAAATTACAATAAA 
1111 	1111111 	1IIIIIIIIIIIIIIIII 	II 	I 	III! 	
133111 	11111111311 
1111 1111111 I,IIIIIIIIIIIIIIII II 
3111 111111 	11311111111 	III! 
71 	GGAGGGGGTTGGTCATCATGGAGAGGCCCTTCCCAAAGTATTAATGTTGTGCACCCAAATTACATTAAA  
poly(A) 
138 AA TGTTTGATAA6GAATCTTT6AG6ACAGCTTGTAAATTGCCTTTAAATTATCTAThTGhI3 TCT 
II 	 II 	III! 	1111111 	III! 	
111111 	I 	1111 	1111 	II 	I 	IllIllIllIll 	III 
II 31 III! 	1111111 1111 	111111 	
I 	1111 	1111 	II 	I 	IIIIIIIIIIII III 
140 AAATAATTCAATAAAGAATCTTCTAG6AAAGCTTB GATTGGCTTT TGTCTGBATTTSTG. ATC 
poly(A) 
206 TAGTCCTACTTTGAGCTTGGAA6TAAAGT6ACACAAGCAC6TAGGCAA6AAGAThTGTTTTA 
IIIIIIIIIIIIIIIIIIIIIIIIII 	11111 	1111 	 1111111 	
III 
IIlIlllIIIIIIIIIIIhIhIhI 	 11111 	3111 	II 	3111113 
III 	IIIIIIIIIIIIIIII 
208 TAGTCCTACTTTGAGCTTGGAAGTAAT6TGACCCAAG. ACTTACGCAATGAAACAAC6ATTT6AGTTTTA 
276 CATASTTGCT6TATGGTTGT6TAAAAGGCTCA6GAAT6G6TTCAATATTATTCAGACA6A6TA6CA 
1111 	III 	11111111111 	111111 	1111111 	
IIIIIIIIIIIII 	31131 	1111111 
1111 	III 	33131131111 	111111 	1131113 
IIIIIIIIIIIII 	11111 	1111311 	I 	I 	I 
277 CATATTTGAT6TATGGTT6TATAAAAATGGCTCAGC6AT6G6TTCAATATCATTAA6AGACAGAATGGAA 
A 
346 6GAT6TGTTATCGGTT3I1UI ILAtI6TCT6TGG 
II 	1111 	III 	 II 	1111 	11111111111 
II 	1111 	III II 	1111 	11111111111 
347 6GTTGTG6TATAACTGTTCTTTAGTGTCTGTGG 
Figure 19. 	Comparison of BS-HtJP16 and BS6 in the region of transcription 
termination. The BS-MUPI6 sequence is presented at the top of the compa-
rison which starts at the first nucleotide of exon 6 and ens at the break-
point of homology betweenthe two sequences. 
	
D2, splice donor site of the short form of exon 6 for BS6; 	Dl, the corres- 
ponding sequence in BS-MUP16; 	poly(A), potential poly(A) adenylation 
signal; 	A, potential splice acceptor site. 
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VGT6TTYV from a survey of 3' terminal sequences of 100 mammalian and 
eukaryotic viral genes which specify polyA mRNAs. This sequence 
is preferentially located 24-30 nucleotides downstream from the poly 
(A) signal and is likely to play an important role in the formation of 
mRNA 3' termini for a wide variety of mammalian genes. Although not 
every gene producing polyadenylted mRNAs has this feature, Brinstiel 
et al (1985) noticed that many genes show an overrepresentation of 
the tri-nucleotide 161, found sometimes repeated and in conjunction 
with oligo-T streches, which they referred to as 'G/T cluster", in a 
region about 30 bp downstream of the AATAAA motif. With two 
mismatches to the YGJILTYY sequence in positions other than the 
161 motif, an octamer CTILAAA is found 30 bp downstream of the 
poly(A) signal and two other octamers TTJQIGAA and TGQiTAT are 
present further downstream (Figure 20). It must be stressed that the 
exonic sequence of BS-MLJPI6 has been completed with the assumption 
that the 3' terminus of the mRNA is an extended exan 6. The paly(A)-
adenylation site might be the CA dinucleotide 27 bases downstream of 
AATAAA, the AT dinucleotide 16 bases downstream, or another site 
between these. There is no direct evidence yet that the BS-MUP16 mRNA 
actually terminates in this way. 
6) BS-MUPI6 is closely related to MUP15 
The homologous region of BS-MUP16 was compared with exans 1-6 of 
pMUP15 using the GAP program of Devereaux and Haeberli (1984) to 
maximize homology. 	The overall sequence divergence is 4.17.. Table 9 
shows the distribution of these differences in each of the 6 exons. 
There are deletions involving 9 nucleotides in BS-MUP16 or insertions 
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1 GGTACCTGAA CATGTTCTTG TTCTCACACT ACAGATCGCT GCCTC6AGGC 
51 CC6A6PiAT6A AC'AATBC'CCT AA6CCTCCAS GTG6GCAATA TCCIATGAGA 
D 
101 6CAAGGGAGC AGGTTGGTGG TCAT16A6A6 1CCCTTCCAf4 ATb1TT14H 
poly(A) 
151 GT6CCCCCAA ATTACAATAAA AATGTTTGA TAAGGAATCT TIGAGGACAG 
201 CTTC'TAAATT GCCTTTAAAT TATCTGGA TTTGTGAATCTT AGTCCTACTT 
Fl 	 F2 
251 TGAGCTTGGA AGTAAAGIGA CACAAC'CACG TAGGCAAGAA AAGAA6GATT 
301 TGAGTTTTAC ATAGTT6CTG TATGGTTGTG TAAAAAAGGC TCAGGAATGG 
351 GTTCAATATTATTAACAGACAGAGTAGCAG GATGTGTTATCG6TGCTCTTCAG 
F3 	 A 
398 TGTCTGTGGT CCCCTTCATC CACTCAGAAT CAGATAAATT ATCTAAACAG 
454 TCCACAATCC CAAAGAAGCA GTCATTAATA GTCTCCAACA AACAGCCAGG 
504 ACTAGGGTTA GTGAAGTA 
Figure 20. Potential donor/acceptor splice sites and signal 
sequences for 3 terminal formation in E{S-MUP16. 
U (doubly underlined), the donor site equivalent to that present 
in 8S6; 	poly(A) (doubly underlined), poly(A) addition signal; 
F, 3' terminal formation signal; Fl and F2 have two mismatches to 
the consensus YGLiTYY, F3 has one mismatch; A, acceptor site 
with one mismatch to the consensus YYVYVYXCAG. The proposed exon 
6 is surrounded by single continuous lines above and below the 
sequence. 
Length Difference Number Gap 	Length 
Exon (bp) (bp) divergence of 	gaps (bp) 
1 127 8 6.30 4 10 
2 134 3 2.24  
3 74 4 5.41  









Overall 625 30 4.80 4 10 
* MUP15 has only 137bp of the exon 1 sequence as the result of 
incomplete second strand systhesis during cDNA preparation 	Only 
127 bp were paired due to the presence of gaps. 
Table 9. Nucleotide sequence differences between BS-MIJP16 and HIJP15 
in exons 1-6. 
-55 
in pMUP15 in the region coding for the signal peptide. As a result 
the signal peptides of BS-MUPI6 and PIUPI5 are 19 and 22 amino acids 
long respectively. In exon 6, there are 6 nucleotide substitutions 
but all of them are outside the protein-coding region. 
Table 10 shows a comparison of nucleotide and amino acid 
differences of the coding region between BS-MUP16 and MIJP15. The 
corrected frequencies of divergence are given according to Perler and 
Efstratiadis (1980). 
There is a total of 22 nucleotide differences in the protein- 
coding region, of which 15 are replacement difference. Seven of these 
alter the electric charge of the protein and would render the BS-MUP16 
translation product less positive (more acidic) than that of MUPI5. 
This may be viewed in relation to the finding of Kuhn et al . 
(1984) that there are at least two distinct charge groups of p199 
(MIJP15)-related in vitro translation products and the observation 
of Knopf et al (1983) that there are three urinary proteins 
which not only are more acidic than the bulk of the MUPs but also are 
heterogeneous in charge among themselves. The difference at amino 
acid residue 122 may have an effect on the conformations of the two 
proteins since tyrosine (in BS-MUPI6) is a non-polar internal side 
chain whereas the histidine residue (in MUP15) is an external one 
which can be either neutral or positively charged, depending on the 
exact pH. 
Like MUP15, BSMUP16 possesses a potential N-linked glycosylation 
sequence. The two Asn residues are located at homologous positions, 












76 4 TTG Leu CTG Leu silent 
87 7 CTG Leu CTC Leu 
It 
98 ii 664 Gly 644 61u replacement 
106 14 AlA lie 114 Leu 
It 
120 18 CAG GIn CAT His 
91 N + 
131 22 TAT Tyr TCT Ser 
it 
143 25 664 Met GAA Met silent 
171 35 ABC Ser AGT Ser 
2 202 45 641 Asp TAT Asp 
297 77 ITT Phe 114 Leu replacement 
328-329 87 116 Leu 6C6 Ala 
3 340 91 664 Glu CAA Gin 
- N 
367 100 116 Leu 416 Met 
395 109 ACT Thr 461 Ser 
433 122 TAT Tyr CAT His NP + 
4 445 126 644 Glu 444 Lys - + 
450 128 444 Lys 446 Lys silent 
457 130 644 Glu AAA Lys replacement - + 
490 141 464 Arg 644 Glu + - 
5 559 164 444 Lys 644 Glu + - 
582 172 AAC Asn AAT Asn silent 
Total replacement 	divergence4.297. 
Total silent 	divergence=8. 167. 
Table 10. 	Comparison of nucleotide and amino acid differences between 
BS-HUP16 and MUP15. 	N, neutral; +, positive; -, negative; 	NP, non-polar 
(internal). 	The corrected divergences were calculated according to Perier 
and Efstratiadis (1980). 	The numbering of nucleotide position refers to 
the cap site, and the numbering of amino acids starts from the signal peptide. 
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i.e. residue 44 of the mature protein. 
The data presented here establishes that BS-MUP16 is closely 
related to MUP15, suggesting that they share a common ancestor gene. 
Table 11 shows that BS-MUP16 and tIUP15 are more closely related to 
each other than to either Group 1 or Group 2 genes. They are about 
equally divergent from Group 1 and Group 2 genes. Thus they are 
collectively called "Group 3" genes. 
7) Comparison of Group 3 and Group 1 MUP genes 
The exonic sequences of BS-MUPI6 (Group 3) and BS6 (Group 1) were 
aligned using the GAP program to maximize homology (Figure 21). 	The 
only gap introduced in the coding region is in the signal peptide 
The signal peptide is 19 amino acids long in BS-MUP16 and 18 amino 
acids long in BS6. 	The overall sequence divergence is 157.. 	The 
differences are tabulated in Table 12 together with the results of 
comparisons of exonic sequences between MUP15 (Group 3) and B66, and 
between MUP16 and MUP15. 	An equivalent comparison concerning only the 
protein-coding regions in terms of silent/replacement divergence is 
shown in Table 13. 	The nucleotide sequence can be divided into three 
regions: exon 1, exons 2-3 and exons 4-4. Exons 2-3 show remarkably 
greater divergence than the other two regions, i.e. some 3-4 times 
more divergent at protein level between BS-MUP16 and 8S6, and between 
MUP15 and BS6 (Table 14). 	It is worth pointing out that, as a direct 
result of the divergence, both MUP15 and BS-MUP16 have acquired a 
potential glycosylation site in exon 2. Figure 22 illustrates the 
disproportionate divergence between BS-MUP16 and BS6, together with 
- 57 - 
GENE 	 862 	 MUP15 	 MUP16 
(GROUP 2) (GROUP 3) (GROUP 3) 
866 (GROUP 1) 	12.13 	 1605 	 1625 
862 (GROUP 2) 18.11 	 18.11 
MUPI5 (GROUP 3) 
	
3.70 
Table 11. Nucleotide differences between Group 1 2 and 3 MUP 
genes in the region coding for the mature protein. 
CAP 	 TRANSLATION 
6 C A C T 	 A LA 	I 	 LCTT 
66A6161A66 CACATAAC TGAAA6A6T 66TCTGAAA 6LAASACAAT TCTATTccCT ACAAAAT6A ALCT6TT6CT GCT8CTGCTG TGTTTSSSAC 
tittlitit 	Ill 	it 	It 	 Ititititi 	ttllttti 	ii 	1111111 	titilitll 	ttiitltttl 	 I 	till 	tiltIlitti 	iltililtil 
illItitli 	Ill 	It 	it 	 IllillilI 	11111111 	 I 	1111111 	lillIllit 	lilillili! 	I 	 I 	liii 
LLAGTGTASC CA6ATCPEA A6AP6AC6T 66TCTGACA GACAGACPAT cCTATTccCT AcCAAPJTLA A... GAILCI 6CTLCTGCT6 TSTTTGLSAC 
EXON 2 
	
TA 	A 	6 	TA 	I 	 C 	6C TT 	TIT 	6CT6AA 







l 	 t 	
i




1 	 l 	lll 	 i 	
l





 I !Ni! 
98 TGAIICTA8T CTGTGTCAT LCASAASAAG CTA8TTCTAC SGLAASI3AAC TTTAAT6TA6 AAAASATTAA TG6GSAAT66 CATACTATTA TCCTGSCCTC 
EXON3 
T6 	 AC 	LAG 	GC 	6 	AA 	AC 	 CT 	TTAI 
201 TGATLAAASA SAAAALATAS AASAACATGS CAGCATGALA GCTTTILT66 AAMCATCAC TGTCTT6SAG AATTCTTA6 TCAAATT tCATTTTATT 
itt 	11111 	liltIllill 	till 	lilt 	1111111 	 lilt 	till 	till 	 iltitlilti 	itilitttit 	I 	itlliti 	till 	II 
iii 	11111 	ItlilIllIl 	lilt 	lilt 	lii 	I 	It? 	 liii 	liii 	liii 	 II1IIIIIII 	IlliltIlti 	I 	1111111 	tIll 	II 
198 TGACAAAALA GAAAAGATAG AAGATAATGL CAACTTTA6A CTTTTTCT66 ASCAAATtIA T6TCTT6SA6 AATIIITTAI3 TTCTTAAATT cCATACTGTA 
EXON4 
GTA 	A 	AGAT AL AL 	 CAT 	AT 	AC 
301 6TAAAT6P6 ALT6A6A AATSACTTTG ATTGSTGAA$ AAAA6AAAA 68CTG6ATA TATTA1TT6A ACTATGATGL ATTGAATAA TTTACTATAC 
liii 	Ii 	lilt 	III 	iii 	tIlitilill 	111111 	111111 	iii 	 11111111 
11111111111 	ill? 	III 	lii litItlIll! 	111111 	111111 	III 
298 ASAGATGAAG AGTLCTCCLA ATTATCTATG GTTGCTGACA AAACAGAAAA GLCTGLTGAA TATTCTLTGA CLTATLATGS ATTCAATACA TTTACTATAC 
EXON 5 
T 	 T A A 	AlT 	 A 	 AL 	AL 
401 TTAAGACAGA CTATGATAAT TATATTAIGA TTTATCTCAT TAACCAAAAA GATGGSSAAA CCTTCCABCT GATGLASCTC TATG6CCLAA GACCASATIT 
II 	11111 	 I 	tItlIti 	litilitil 	itillitill 	tulillitlt 	hilt 	lit 	tlttlilli 	 Ilutlithi 
tIllIllIl 	lIllullIl 	ii 	11111 	 1 	huh) 	illililli 	hllIhtillI 	IuIllilill 	11111 	Iii 	Illillili Ittlitthi 
398 CTAALACAGA CTATLATAAC TTTCTTATGS CTCATCTCAT TAACSAAAAS GATLSLSAAA CCTTCCABCT GATGGLTCTC TATLGIXSAB AACCASATTT 
EXON 6 
I 	 A 	A 	C 	 A 	A 	 A 	CT 	6 
501 LALITTALAC ATCAA6SAAA ALTTT6CAI4A ACTATGCLAG 6AGCATGI3AA TCATTASAAA AAATATCATT LACCTAACCA ACGTCAATCS CTGCCTCGAS 
11111 	liii 	Itllitlhti 	llttlii 	1111111111 	Itlttititi 	ii 	thu 	 I 	tittittill 	huh 	iii 	It 	tutu 	illilit 	It 
tIll 	httlillltt 	titltul 	I 	111111 	lii 	uitutlitil 	it 	tittl 	I 	titItlhtli 	huh 	iii 	ii 	tutu 	tililil 	It 
498 LALTICASAC ATCAAI36AAA 6GTTTLCACA ACTATLTLAL GA6CATLSAA ICCITAGAGA AAATATCATT GACCTATCCA ATGCCAATCL CTLCCTCCAS 
A 	 1 	6 	CA 	66 	 A T C 
601 GCCCSALAAT GAAGAAT6SC CTAAGCCTCC AGSTBGLCAA TATCCAATGA 8ALCAASLSA LCA6I3TTGST 6GTCATGLAG ASLCCCTTCC AAATGCATTA 
II 	ttlllit 	illilIllIl 	iltulti 	ii 	huh 	lilt 	liltlhi 	tIlIlIll 	tttllitiIl 	ill 	liii 
tiitlilllilihttllllt 	II 	litilil 	utIltIlill 	lillhll 	111111111111 	1111111 illlltit 	litlhittli 	 lii 
598 GCCCGASAAT GAAGAATGGC CTGAGCCTCC ALLTLGSCAA TATCCAAASA GASCAA.GSA LLLSLTT6GT CATCATGSAG ALGCCCTTCC CAAALTATIA 
C 	A 	TG TG 	6 	16 	C 
701 .. H6TGCC CCCAAATTAC AATAAAAA.. T6TTT8ATAA GGAATCTTT6 AGGACA 751 
1111111 	 II 	lilt 	itlilhl 	 11111 
111111 	titthIlIlt 	i 	Ilitil II 	liii 	tillhll 	 IhIl 
697 ATG1TGT6CA CCCWTTAC ATTAAAAAAT AATTAATAA ALAATCTTCT AG6AAA 752 
Figure 21. Comparison of BS-MUP16 and BS6 (exons 1-6). 	The sequences of 
exons 1-6 of BS-MUP16 (top) and 866 were aligned. Immediately above the 
alignment are individual nucleotides of BS-MUPI6 that differ from the 896 
sequence. The end point of the BS-MUP16 sequence is hypothetical. 
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E x on MU P 16 X B S 6 M UP 15 X B S 6 
MU P16 X MU P15 
INC 13.6 (66) 6.9 (29) 6.9 (29) 
1C 9.4 (96) 9.4 (96) 7.1 (96) 
2 24.6 (134) 25.7 (134) 2.2 (134) 
3 27.0 (74) 28.4 (74) 5.4 (74) 
4 9.0 (111) 9.0 (111) 4.5 (111) 
5 10.8 (102) 8.8 (102) 3.9 (102) 
6C 4.4 (23) 4.4 (23) 0.0 (23) 
6NC 13.5 (141) 5.6 (54) 11.1 (54) 
Total 15.0 (747) 14.4 (623) 4.8 (623) 
Table 12. Nucleotide comparison of BS-MUP16, MUP15 and BS6. 
The exonic sequences of BS-MUP16, MUP15 and BS6 were compared. 
The percent divergence is shown. The numbers given in brackets 
are the length compared. 	NC non-coding region; 	C coding region. 
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ON 	 1 	 2 	 3 	 4 	 5 	 6 	TOTAL 
Si 	1.1(5.1) 	2.2(33.4) 	1.4(15.3) 	1.8(22.8) 1.0(20.6) 0.0(0.0) 	1.3(19.9) 
X 	R/ 	8.6(12.3) 20.2(29.8) 25.7(37.1) 7.2(9.0) 	9.8(12.8) 4.4(6.1) 	
12.1(18.2) 
JPI6 
1! 	9.7(8.7) 22.4(31.6) 27.1(26.2) 9.0(15.9) 10.8(16.7) 4.4(3.1) 	13.4(19.1) 
SI 	4.3(14.5) 1.5(28.0) 	1.4(15.4) 	0.9(10.6) 1.0(10.1) 0.0(0.0) 	1.5(14.6) 
S6 
X 	RI 	7.5(11.1) 23.9(31.9) 27.0(39.7) 9.0(11.6) 5.9(8.7) 	4.4(7.2) 	14.2(18.5) 
JP15 
1/11.8(12.8)25.4(30.0)28.4(27.5)9.0(11.1)6.9( 9 . 4 ) 	4.4(3.6) 	15.7(16.5) 
SI 	3.2(9.9) 	1.5(8.4) 	0.0(0.0) 	0.9(11.4) 1.0(9.8) 	0.0(0.0) 	1.3(4.3) 
iP16 
X 	R/ 	4.3(7.3) 	0.8(2.6) 	5.4(7.5) 	3.6(4.8) 	2.0(3.8) 	0.0(0.0) 	2.8(8.2) 
jP15 
TI 	7.5(8.6) 	2.3(5.5) 	5.4(3.8) 	4.5(8.1) 	3.0(6.8) 	0.0(0.0) 	3.9(6.2) 
ble 13. Coding sequence comparison of BS-MUP16, MUP15 and 896. 
e protein-coding sequences of BS-MUP16, tlLiP15 and 856 were compared and the 
?rcent divergences are given here. Numbers in brackets are corrected fre-
tencies of divergence according to Perler and Efstratiadis (1980). 	5, silent 
te differences; R, replacement site differences; 	1, total divergence, which 
given, in the case of uncorrected form, as the sum of the silent and replace-
nt divergence, or as the average of the two numbers for the corrected fre-
enci es. 
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EXON 	 MUP16XBS6 
Silent 	Replacement 	R/S 
MUP15XBS6 
Silent 	Replacement 	R/S 
1 	 5.1 	12.3 	2.4 14.5 	11.1 	0.8 
2-3 	24.0 	32.2 	1.2 23.3 	34.6 	1.5 
4-6 	19.0 	10.2 	0.5 	12.5 	7.7 	0.6 
Table 14. Ratios of replacement over silent site differences (R/S). 
The percent frequencies of silent and replacement divergence have been 
corrected against multiple mutational events according to Perler and 
Efstratiadis (1980). 
-57e- 
Figure 22. Comparison of B66 and BS-MUPI6 
The exonic, limited intronic, 5' and 3' flanking sequences of BS6 and 
BS-MUP16 were compared. The percent homology of each region compared 
is presented here. 	Columns filled with solid lines are exons. 	
The 
intron sequences are incomplete and are indicated by single lines 
whose lengths represent those of the MUP16 sequences determined. 	The 
vertical axis shows percent homology and the horrizontal axis denotes 
distance in kilobases. 	The length of each of the introns were drawn 
as those of BS6. Open arrows indicate non-coding part of exons 1 and 
6. The percent divergence in introns, 5' and 3' flanking sequences 




elements 6 deletion 







0 	 1 	 2 	 3 
MARK LOCATION X DIVERGENCE 
A 5'-FLANKING(beyond breakpoint) 55.10 (98/103) 
B 5-FLANKING(up 	to breakpoint) 19.66 (190/180) 
C 5-FLANKING(upstream from 	cap) 16.10 (353/393) 
D INTRON 	1 17.70 (322/338) 
E INTRON 2 27.27 (100/101) 
F INTRON 3 15.25 (60/59) 
G 
11 REPETITIVE (134/97) 
H U 18.25 (176/177) 
I INTRON 4 15.94 (216/211) 
J INTRON 5 11.80 (164/163) 
K 3-FLANKING(up 	to breakpoint) 14.93 (224/221) 
L 3'-FLANKING(beyond breakpoint) 54.05 (109/112) 
Table 15. Comparison of BS-MUP16 and BS6 in their 5', 3' flanking 
and intronic sequences. 
Percent divergences are given. Numbers in brackets are lengths of 
nucleotides compared for BS-MUPI6 (numbers before /h1) and B96 (num-
bers after tI/Il) 	 "Marks 	(A, B .... L) correspond to those in Fig.22. 
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some limited intronic sequences as well as 5' and 3' flanking 
sequences. 	It clearly demonstrates that exons 1, 4, 5 and 6 are 
relatively well conserved to a very similar extent while exons 2 and 3 
are considerably more divergent. 	A possible explanation For the 
generation of this non-uniform divergence is that exons 1, 4, 5 and 6 
are under stronger selective constraints than exons 2 and 3, and are 
not as free to diverge since the separation of HIJP15 and BS-MUP16 from 
the Group 1 and Group 2 genes. A line of evidence supporting the 
notion comes from the observation that exons 2 and 3 of MUP15 and BS6 
show considerably more replacement than silent site differences 
whereas other exons have more silent site differences (Table 14), a 
characteristic expected of DNA sequences under selective pressure 
An alternative explanation for the non-uniform divergence is gene 
conversion or unequal but homologous crossing over (the two mechanisms 
are not mutually exclusive in this case, therefore only gene 
conversion is discussed below). 	One possibilty is that exons 2 and 3 
of the gene ancestral to HUPI5 and BS-MUPI6 or to the Group 1 and 
Group 2 genes may have been converted by a more distantly related MUP 
gene, or alternatively, two such events may have occured either at the 
same time or at different stages of the evolution of the MUP gene 
family between the MUPIS ancestor gene and the Group 1/Group 2 
ancestor gene in exon 1 and exons 4-6 separately, resulting in the 
acquisition of the latter gene's sequence by the former. 
There are structural features which may be implicated in 
recombination-related events. 	In intron 3 of BS6 there is a long 
stretch of alternating purine-pyrimidine GT and trinucleotide GTT. 
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BS-MUP16 contains, instead, a long stretch of CT with more or less 
regular interruption by 61. 	Immediately 5' and 3' to this region, 
homology between BS-MUP16 and B66 is restored (Figure 23 in which B62 
is also aligned). 	While the basic repeating units in this region of 
B56 appear to be 61 and 611 those of BS-MUP16 seem to be (C1)-4GT 
(Table 16). 	The extent of differences in the two patterns of repeat 
suggests little common origin for them. 	They may have been acquired 
by individual MUP genes from a pool of such simple sequences present 
in the ancestor MUP gene during the expansion of the family. These 
sequences may have been amplified in the ancestor gene by the 
mechanism of "slippage" during DNA synthesis or repair (Ghosal and 
Saedler, 1981), followed by accumulation of base changes either before 
or after the separation of MUP15-like genes and Group 1/Group 2 genes, 
which gave rise to the occasional irregularities of the repeating 
patterns. 
Repeating sequences of this sort have been implicated in gene 
conversion and unequal crossing over. 	Shen et al (1981) suggested, on 
the basis of studies of the human globin genes Agamma and 
°gamma, a mouse kappa V-region gene and a mouse adult alpha-globin 
gene, that the repeated dinucleotides, (GT), (GC) 	and 
(CA), (which is equivalent to (GT) 	on the complementary DNA 
strand) might be recognition signals involved in some stage of the 
recornbinational events leading to the related events gene conversion 
and unequal crossover. Possibly these repeated dinucleotides are end 
points for gene conversions or unequal crossovers in these multi-gene 
families. Proudfoot & Maniatis (1980) noted that a 15-hp sequence 3' 
to the poly (A) addition sites of pseudo-alpha 1, alpha 2 and alpha 1 
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iUP16 1 6T4A6TAT#TA 	TATATATATCTAT,CTA66AGTTAA6TANITTA4TAACTTTh 61 
I 	1111111111111 	III 	I 	IllIllIllIllIl 	11111 
II 	1111111111 	I 	1111111111111111 	II 	IlIllIllIllIll 	11111 
866 	1 GT6A6TACATAAA. . TCTATATATCTATCCACAA6ATGATThSTAAACCTTAAT4CCTTTA 60 
III 	111111111 
III 	111111111 	11111 	 II)IIIIII!IIIIIIIIIIIIIIIIIIIIIII 
BS2 	1 6T6T6TATATAPiAflT6TCTAT....... CCACPAGATGATTASTAAACCTTAATACCTTTA 54 
(62 TCCTCTCTGTCTCTCTGTCTCTCTCTGTCTCTCTCTGTCTCTCTGTCTCT 
MU P 1 6 ( 	CT 61 CT CT CT 6 T CT CT 61 CT CT CT GTCT CT CI CI 6TCT CT CT 6 IC IC IC I 
GTCTCTCTCTCTCTCTCTCTGTGTTTTTTTTTTG 	 196 
(61 GT6TGT6TGTCTGT6TTTGTGTGTGTGTGTGTGTGTGTGTGT6I 
866 C 	GTTGTTGCTGTTGTIGTTGTTGIIGIIGTTGTIGTTATIGTI 
GTGTGT6TTTT 	 158 
B52 (55 6161616161616116 	 70 
1016 197 CTG686TTT6ATTC 211 in 
III I 	111111 
1111 	111111 
866 159 CT66A6TTT6AC1C 173 
II I 
II 	III 	1111111 
852 	71 CTTTA8TCT6CTC 85 
Figure 23. Comparison of BS-MUP16 1 BS6 and 862 in intron 3 
BS-MUPI6, 866 and 862 were aligned in part of intron 3. 	The repeated 
nucleotides in the three sequences are shown separately in larger letters 
in the middle (unmatched). 	1I*** indicates undetermined sequence of 




Nucleotides 	 Number of CT pairs 
1 CTCTCTGT 3 
2 CTCTCTBT 3 
3 CTC.TCTCTGT 4 
4 CTCTCTCTC'T 4 
5 CTCTCTGT 3 
6 CTCTCTGT 3 
7 CTCTCTGT 3 
8 CTCTST 2 
9 CTCTCT6T 3 
10 CICTCTCT6T 4 
11 CTCTCTGT 3 
12 CTCTCTGT 3 
13 CTCTCTCTCTCTCTCTCTCTGT 10 
Table 16 	Repeated nucleotides in intron 3 of BS-HUP16 
The repeated nucleotides are arranged in a stacking order, ice. the 
last nucleotide in each row is immediately 5 to the first nucleotide 
in the row below. 
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human globin genes consists of a repeated pentanucleotide (BCCTG) 
separated by 16161. The occurrence of this sequence in all three 
genes and its location with respect to the endpoints of the alpha-
giobin gene duplication suggests that, by acting as a boundary for 
recombinational events, it may be associated with the mechanism by 
which the genes were duplicated or corrected. Comparison of 
nucleotide sequences of the human aiphal and two allelic alpha2 
immunoglobulin heavy chain constant region genes indicates a localized 
transfer of genetic information from the 3 end of the alpha 1 gene to 
one of the alpha 2 alleles, probably by a gene conversion event. At 
the 3 end of the converted region there is a 40bp sequence of 
alternating purine and pyrimidine residues, with three mismatches to 
the alternating pattern (Flanagan et al, 1984). 	However, all (16),, 
stretches do not appear to be recombinationally active. For example, 
a simple sequence of the form (61),, occurs within the 9.1 kb 
region of high meiotic recombination EV to the human beta-globin genes 
(Miesfeld et al, 1981). 	Treco et al (1985) tested the recombinational 
frequency of this region in Saccharomyce; cerevisiae and 
demonstrated that the removal of the longest of four potential Z-DNA-
forming regions, namely a (16)17 stretch, did not significantly 
decrease the high recombination frequency of the region. 	In addition, 
in the human haptoglobin gene pair, multiple recombinational events 
are found in certain regions, but none of them appear to involve the 
(16),, stretch that occurs in intron 1 of the Hp gene (Maeda and 
Smithies, 1986). Different sequences have been implicated as possible 
hotspots in other gene families. 	These include two types of simple 
tandem repeats: GAGCI and GSGGT, in the switch region of 
iminunoglobulin C. gene (Nikaido et al, 1981), a Chi sequence of 
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phage lamda mutants (GCTGGTS6) in mouse immunoglobulin genes (Kenter 
and Birshtein, 1981) and short repeated sequences with some homology 
to the Chi sequence in the recombination hotspots in the mouse IIHC: 
(CAGA)& in the Abeta3/Abeta2 hotspot and (CAGG) 7 ._, in the 
Ebeta hotspot (Steinmetz et al, 1986; tiematsu et al, 1986; Kobori et 
al, 1986). 
Other sequence peculiarities are also present around the region of 
BS-MUP16. Immediately upstream of the highly repeated CT/GT region is 
a noticibly A/I-rich sequence. 	The A/I content in a 60 bp region is 
as high as 82'i. 	This could help melting double-stranded DNA, allowing 
access of enzymes to the region. At the 5' boundary of the proposed 
converted region, within 6 bases of each other there is a duplicated 
sequence of 7 nucleotides or an extended stretch of two tandomly 
duplicated 19 bp long repeats with four cnismathes (79'h homology) 
(Figure 24). 	BSG, on the other hand, does not have an equivalent 
sequence in this region. 
Perhaps as significant as the composition is the location of these 
repeats, i.e. they are across the intron 1/exon 2 boundary. 	5 to 
this point sequence homology between BS-MUP16 and 856 is significantly 
higher than the region 3' to it. 	Shen et al (1981) noticed the 
sequence TCAAAAAT which occurs at the 5' boundary inside the converted 
region of 	 gene (also present in Ogamma gene, the 
proposed donor) and which is repeated at a distance of 51 nucleotides. 
The CT/ST sequence in intron 3 or its ancestral form, as well as 
the direct repeats at the intron 1/exon 2 boundary of BS-HUPI6, may 
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1 	19 
CT IC IC IC IT AAACAT I TG 
HUP16 	III 	1111111 	I 	III III 	1111111 	I 	III 	I 
CTCATCTCTTACAGATTAG 
20 	 34 38 
1 	 19 
CTTCTCCCTTAACC6TITG 
B 	 I 	 I 	I I 	 I 
	
III II 
CTCA IC I A T I ACA 6 A I I AA 
20 	 34 38 
1 	 38 




1 	 38 
Figure 23. Direct repeats present in intron 1/exon 2 boundary of BS-MUPI6 
Sequences present at the intron 1/exon 2 boundary of BS-FIUP16 and B66 are 
shown separately and in alignment, in the direction of 5' to 3'. 	The num- 
bering is arbitrary but continuous. 	The 34th nucleotide (A) is the first 
residue of exon 2. 	The exact 7 bp repeats in BS-MUP16 are indicated. 
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have been involved in recombinational events responsible for the 
appearance of the disproportionate pattern of divergence of Group 3 
genes (MUF15 and BS-HUP16) from Group 1/Group 2 genes. 
8) Comparison of BS-MUP16 and BS6 in the immediate 5'-flanking 
region 
When BS-HUP16 and 8S6 were aligned immediately upstream of the cap 
site, the homology is normal with respect to the exonic sequences of 
the two genes. However, a long A-track present in BS6 is mostly 
absent in BS-MtJP16 except for a short stretch of merely seven A 
residues (Figure 25) 	This A-track has been found hypervariable in 
length as well as in its composition to a lesser extent among the two 
groups of MUP genes and a rat alpha-2u globulin gene (Ghazal, 1986; 
Figure 26). 	It has been speculated that the A-track region may be 
involved in: (A) melting of the double-stranded DNA in order for RNA 
polymerase to enter, by virtue of the weaker hydrogen bonding of the 
A:T base pairs. 	In this connection it is noted that MUP genes with 
the longest A-tracks belong to the highly expressed Group 1 genes (41-
73 of almost pure A residues); (8) determination of nucleosome phasing 
by allowing the binding to it of a protein factor, for example, alpha-
protein purified from monkey cells and recently proposed to mediate 
the positioning of nucleosomes. 
Other signal sequences related to transcription initiation are the 
so called "CAAT" box and TATA box found present about 30 and 80 
nucleotides upstream of the cap site, respectively (Breathnach and 
Chambon, 1981). 
- 62 - 
A 	88 TCST 	61 T68 661 6 	CCC C 
382 	AAMBCAABS ABTTC6TTTA CABTCTTTGS CT6STCTABT 6TCASTCCCC ACCCCCICCA 323 
1111111 I 	III 	II 	III 	II 	hIll 	111111 	II 	1111111 
1111111 	III 	Ill 	II 	Ill II 	11111 	111111 111111111 
413 	IAAA6CAA.. ABATTCTATA CATACTT6TC CT.. ICCAST .TCA6TCTST ACTCCCTCCA 359 
CTBAA 	ACTA A BA 	 A ACAA A 
















358 AAACTBBCTT 1.. CT6ATTC CAAAA8AT CCMTTGC ATCTBBTT.. CCASTTBS.0 39 
C GGAA 	TI 	CCB 	BA T A T 6 
262 	ASCTCT6T6A APCATTCAC T6TTCTCST6 66fTAT6BT ATT6TGMAT 6TAfTTAC 203 
111111 	hIll 	III 	11111 	11111111111 	111111 	111111111 
hull 1111 	III 	liii 	I 	II 	111111111 	III 	III Ilhlihhhl 
303 	ABTTCTCT.T 6AACACCCAC TBTTTTATTS 6SAAIAT.6T TTTGASTAAC ATAASA1TAC 246 
B 	11 	6 	6 	 A 	. 	BC 
202 SAAATCAATC MABSTGAT GAGATTBCCA ABTTTGAAAA 666C.PJBAA CASTCCTTSS 144 
111111111 	1111111 	111111111 	111111 	III 	liii 	11111 	III 	11111 
"I 	MI 111111111 1111111 111111 III 1111 11111 III 11111 
245 TAPTCAATC CATABSITAT GAAA1TBCCA AS1TF6CAAA 66BCM6BPJ CAATTCTICS 186 
AC 	6 	 ICA 
143 CCTATCATCA ATAA6TBA6A AAPRATTCCA CAAASCCTGA CTMTAAA GSABACCCAT 84 
III 	I 	Ill! 	III! 	11111 	III 	111111 	IlihlIhhhl 	I 	Ill 	III 	1111111111 
ill) 	1111 	hIll 	11111 	III 	11111111111111111111111 	1111111111 
185 CCTCTAATCA ATAAATGM PIAACATTCCA MV=TBA CASABSTABA GSAERCCCAT 126 
83 	1 	& . . 	o•......., •1St•S••tI 	 .......S 	TG 	A 	66 
ATGGG..... .......... .......... • ......... .. .... .GAA AAAAATGCCA 
I 	III 	 II 	11111 	II 
I 	III II 	11111 II 
125 	AC6GGAAGAG GSAAAAAAAA AAAAACAAAA CAAACAACAA CAACAAAAAA AAAAAACCCG 66 
A 	A A 
65 CT6AAACA8 A6AGTATATA A8BACAAGCA AAB6AGCTBA 66A8T 1 
11111 	1111 	hlhlhllIhl 	IIIIIIIIII 	hill 	liii 	11111 
11111 	hill 	1111111111 	1111111111 	1111 	hIll 	11111 
65 CT6AACCCAB ABABTATATA ASGACMBCA AASI3BBCTB6 6BftST 1 
igure 25. Comparison of BS-IIUP16 and 8S6 in the immediate 5'region. 
3equences of BS-MUP16 and 896 were aligned in the 5' region immediate 
ipstream of the cap site using the GAP programme to maximize homology. 
Fhe BS-HUP16 sequence is presented at the top of the comparison and 
individual nucleotide differences of BS-MUP16 from BS6 are shown above 
he sequence alignment. The hypervariable A-track regions are shown 
	
in larger letters. 	The numbering refers to the cap site. 	The 11 TATA' 1 
oxes are also indicated. 
-62a- 
BS-MUPI6 ccCATATGS6 A A A A A A A 
	
A 2 u. 91 	GWMG... A A A A A A A A A 	 CAC. c6c#1ACcCA6AGAGA6TATAP 
BS2 PGGAAG.... AAAAAAAAAAAAAAAA 	 .ccCACTGcCA6AAI3TATAT6AS 
BS6 	GEi6AA3A666 AAAAAAAAAAAAACAAAACAAACAACAACAACAAAAAAAAAAAA.CfIGCTSAACCCA6ASA6TATATAAG 
Figure 26. Comparison of the 5' hypervariable A-rich region of BS-MUP16, 
A26.91 866 and 862. 
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Allowing for 2 mismatches, considering the G-C content bias and 
taking into account that the sequence may be represented on both DNA 
strands, one would expect on a random basis one so called "CAAT 1' box 
every 435bp. 	Two such sequences were identified with this stringency 
at nucleotide -197 and -142 (Table 17). 
When 1 mismatch was allowed, a total of 14 enhancer "core"  
sequences (consensus: GTGGWWWG) were found both in the upstream 
promoter region and within the gene over a sequence of about 3000bp, 
one such sequence every 210bp, compared with an estimated random 
occurence of one enhancer core element every 252bp (allowing one 
mismatch), therefore the significance of the presence of the element 
in BS-HUP16 does not prevail. 
Whether these sequences do play any significant role in the 
regulation of transcription of the BS-MUPI6 gene awaits a functional 
assay. 
9) Comparison of BS-MUP16 and rat alpha-2u-globulin genes 
Comparison was made between BS-MUP16 and two cDNA sequences for 
the rat alpha-2u-globulin genes (isolated from liver and lachrymal 
gland, respectively, Linterman et al, 1981; Laperche et al, 1983) at 
both DNA and protein levels. 	Divergence at DNA level is about 207. and 
35% at the protein level, suggesting that BS-1'IUP16 began to diverge 
from Group 1 and Group 2 MUP genes soon after the separation of rat 
and mouse. 
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Signal 	Consensus 	Sequence 	 Position Mismatch 
C½T box 	GGYCAATCT 	aaTCcATCT 	 -197 	 2 
(-80) 
66CCtATCa 	 -142 	 2 
T1TA box 	GNGTATAWAWN6 	GAGTATATAGG 	 -31 	 0 
(-30) 
Table 17. Potential transcription initiation signal sequences found 
in BS-HUP16 	Upper case letters denote matches and mismatches are 
indicated by lower case letters. Dots above the quoted consensus 
mark the begining of nucleotide position numbering. 
7 
10) The Ancestral MUP gene sequence 
The exonic sequences of BS-MUP16, P1UP15 BS6 and B62 were aligned 
using the GAP program to show the non-uniform divergence of HUP genes 
belonging to different groups (Figure 27) Interestingly, differences 
in the highly divergent region of exons 2 and 3 tend to be present in 
"blocks" rather than evenly spread out. This pattern may be 
associated with functional domains of the proteins. 	A possible 
ancestral sequence to the four genes can be deduced by taking the 
consensus with a plurality of 3 (Figure 28). 
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886 	ggagigtagc cacgatcaca agaaagacgt ggtcct c gaca c 	c 	c ci 	a 	.................. a 	g 	g 
892 .gagtqtagg caacatcacc agaaagacgt ggtcct C caca t 	t t ag gcagctgct gctgctgct c 	g g 
MWI5.......... .......... .......... ...... C ga.g C 	t 	C it 	a 	...... gct gctgctqcc C 	I 	c 
B54JP16 ggagtgtagg caccataacc tgaaagacgt ggtcct a ggaa C 	t c ct a ......... ...... gct t 	g g 
Consensus --- ----- 	 -----6A-A —BA-AM CTATT ACC-AAATGA A- 	- 	C -TBCT-CT6C T-CTST6TTT 
111 
856 	g g C C 	g 	t 	gc t 	C 99 	 g 	a g 	at g a cata 	atcctg c g ca 
852 g a c c g t gc g t tg a a a 	at g a taca atcctg t g Ca 
NUP15 	a g t t 	a 	t 	tc t 	t ga 	 g 	c q 	qt t t tIlt 	gctgaa c t tg 
BS-NtJP16 g g t a a g ta t t gg g C g gc t t tttt gctgaa c g tg 
Consensus 65-ACT-AC- -TAfSTCTGT- TCCA-6CAGA ABAA—TAG- TCTh-G--cA GSAACTITAA T-TABAA+ATTA--0- A-T66----C TAIl— 6C-TCT+- 
221 
856 	 t a 	a t I ct 	c 	gc a cca 	 ttc 	t 	a ctg aag g g 
852 a c g a g ct g 	gc c tca ctt c a ctg tat g t 
rIUPI5 	 a c 	g a g gc 	g aa C cac 	 tCt 	t 	t taa tgt a g 
BS-MUPI6 a c g a g gc g 	aa c cac tct t t tta tgt a g 
Consensus AAABABAAAA GATAGAABA- -ATGI3CA-C- 1-ABA--ITT T-T6BA--A- AT—T6TCT TGI3ASAATTC CTTAS---TTAAA-TCCAT- ---I--A- AT-MG 
328 
BS6 	t g t atc atgg 	C ca a 	 tga 	C g cg 	 C 	ci 	C 	C t 
852 1 a g att ttag 	g  ca t t.a c g  ca C 	tg a I a 
11P15 	a g a gac gcga 	g ac a 	 cat 	a a ac 	 g tt 	C 	t a 
3S-PIUP16 a g  a gac ttga 	g ag a cat a I ac C 	tt C 	 t a 
Consensus TGC-CC-AA- I--I--I T6-TGA--A- ACASAAAA6B C166--ATA TT-T-16A— TATGATGSAT TCAATACATT TA-TATAC--AAGACABA-T ATEATAA-T- 
438 
856 	C 	9C c 	cg agg 	g 	 gqt C 	q g 	a 	t c 	 ag 	C 
852 a tt C 	 t9 tga g ttg t a t 9 g C 	 ga a 
1JP15 	a 	at c ca agg 	a 	 gag c 	g g 	a 	t t aa 	a 
3S-HUPI6 	a at t 	cg aag g gag c g g a t t 	 aa a 
Consensus T-TIATG--I -ATCICATTA A--AAA--A T686-AAACC TTCCAGCTBA T6—CI-TA 16-CC-ASAA CC-GATTTSA 6-T-A6ACAT CAAB6AA--6ITT6CA-AAC 
548 	 647 
356 	9t 	 C 	 t 	tctc 	9CC 	 a 
852 tt g g t t t c a 	t t 	t 	g 
JP15 	9C 	 a 	t 	a C t 1 	g 	C g 	g a g 
3S-MiJPI6 gc a I a c C t g 	C g q 	a 	a 
onsensus TAT--BABBA 6CATG9AATC -TTABAGAAA ATA-CATIGA CCTA-C-A6- 6-CAATC-CT 6-CTC-A6GC CC-A6AAT6A A6A-TG6CCT -A6CCTCCAG 
:j gu re 27. 	Multiple Comparison of BS-MUPI6, MUP15 866 and 862 
rhe exonic sequences of BS-MUP16, MUP15, B96 and B52 were aligned to 
Lilustrate the disproportionate divergence between them. The separa-
tion of exons 2 and 3 from other regions is marked by two vertical lines. 
-64a- 
I .646T6TA6. CA. .AT.AC. .GAAAGACGT GGTCCTGACA 6A--GACAAT TCTATTCCCT 
61 ACCAAAATGA A---------------6C-6 -TGCTGCTGC TGCTGTGTTT G6GACTGAC-
121 -TAGTCTGT- TCCATSCAGA A64A-CTAST TCTATGG6AA GGAACTTTAA TGTAGAA-AG 
181 ATTA-T666- A-TGGT-T-C TATT ------ 6CCTCTG--- AAAGA6AAAA 6ATAGAAGAA 
241 CATGGCA6CA IGAGA--TTT TGTG6A--AC ATC--TGTCT TGGAGAATTC CTTAGT-TTT 
301 AAATTCCAT- -1-TI-TA- T6AAGA6TGC -CCGAA-T-- CT-T6-TTGG T6A--AAACA 
360 GAAAAGGCIG G --- ATATT- T-TBA--TAT GATGGATTCA ATACATTTAC TATACTTAAG 
420 ACAGACTATS ATAATTATAT TATG-TTCAT CTCATTAACG AAAA6GATGS GGAAACCTTC 
480 CAGCT6ATGG -GCTCTATG6 CCGAGAACCA GATTTGAGTT -AGACATCAA GGAAAAGTTT 
540 GCAAAACTAT G-GAG6AGCA TG6AATC-TT AGAGAAAATA TCATIGACCT A-CCAATS-C 
600 AATCGCTGCC TC-AG6CCC6 AGAATGAAGA ATGGCCTGAG CCTCCAG 646 
Figure 28. Possible ancetral sequence to B56, 852, MUP15 and B5-MUP16 
The consensus was deduced from the four sequences using a plurality of 
3. indicates undetermined consensus due to the lack of MUP15 se- 
quence in the region. denotes positions where fewer than 3 out of 
4 sequences are identical. Exons 2 and 3 are separated from exons 1 
and 4-6 by the two vertical lines to show the disproportionate diver-
genece. Note that the 15 bp-long non-consensus sequence in exon 1 is 
due to variation in the length of the signal peptide in each gene not 
due to base substitution. 
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APPENDIX 
The following experiments concern the genomic organization and 
testosterone-induced expression of the MIJP15-related genes (Group 3 
genes). The results are preliminary and therefore included here in 
the form of an appendix. 
L,c 
1) Construction and specificities of probes for Southern blot 
analysis 
In studying gene families of similar, but not identical sequences, 
nucleic acid hybridization methods may be used to distinguish between 
closely- or distantly-related members of the gene family. 	In 
practice, this means that reaction conditions must be adjusted to 
optimize hybridization of one species and minimize hybridization of 
others. 	Two principal factors are important, each of which is 
dependent on the degree of matching of the duplex. 	The first is the 
rate of duplex formation, and the second the thermal stability of the 
duplex. 	A bell-shaped curve describes the relationship between the 
rate of hybridization and the temperature of incubation for formation 
of both well-matched and poorly-matched hybrids. For a poorly-matched 
hybrid, the Tm is lower and the curve is displaced towards low 
temperatures. When the ratio of the rate constants (discrimination 
ratio) of cross-hybridization and self-hybridization is plotted 
against temperature of reaction, a sigmoidal curve is obtained (Beltz 
et al, 1983). 	At low temperatures, the ratio is high (approaching 
unity) while at higher temperatures (approaching Tm-20 0 c for 
perfectly matched hybrids), the ratio approaches zero. Although the 
data are not extensive, Beltz et al (1983) suggested that this curve 
is probably a member of a family of sigmoidal curves whose exact 
dependence on temperature depends on the degree of mismatching of the 
hybrids. The relationship predicts that a distinction between 
distantly-related sequences is possible at lower temperatures, while 
higher temperatures are required to distinguish between closely- 
related sequences. 	Tm is a measure of the thermal stability of 
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hybrids. No systematic study of the effect of different parameters 
has been made for filter hybridization. 	However, in general, 
variables that alter the rate constant, k, also alter Tm in the same 
direction. The relationship derived from solution hybridizations are 
expected to be similar, qualitatively at least, for filter 
hybridizations (Anderson and Young, 1985). 	It has been shown by a 
number of studies on the stability of perfectly-matched DNA duplexes 
in solution that Tm is dependent on ionic strenhth, base composition 
and denaturing agents (Bonner et al, 1973). 	It is also worth noting 
that, as a consequence of binding nucleic acids to filters, the Tm of 
hybrids is often lower than would be predicted from solution 
hybridization studies (Kafatos et al, 1979). 	In practice, 
hybridization at a relaxed criterion followed by washing under 
progressively more stringent conditions may be useful for detting 
distantly-related members of a family, but is not suitable for 
identifying closely-related members. 	This is probably because 
hybridization and washing depend on different parameters. 
Hybridization depends on the nucleation rate while washing depends on 
the thermal stability (Tm) of the hybrids (Anderson and Young, 
1985). 	Thus a stringent hybridization followed by a stringent wash is 
better for detecting closely related members of a family than 
permissive hybridization and a stringent wash. 
To study the genomic organization and gene structure of BS-MUP16 
and MUP15 which are very closely related in sequence (95% homology in 
6 exons), conditions under which probes derived from the two sequences 
do not cross hybidize had to be established. 
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As the first step, a probe was constructed around exon 1 of BS-
MUP16. 	In the matched region of exon 1 of BS-MUP16 and MUP15 (127 
nucleotides), there are 8 mismatches and 10-bp deletions or 
insertions. 	The differences are rather evenly distributed along the 
sequences, an arrangement which favours instability of the 
heteroduplex. 
An XmnI fragment containing exon 1 of BS-MLJP16 (165bp), together 
with 99bp and about 140bp of sequences to its 5' and 3' side 
respectively, was cloned into the Seal site of M13mpll. 	This clone is 
called BRXX. 	An existing 242 bp clone, 5'-MUP15, contains most of 
exon I and exon 2 of the cDNA clone, pMUP15. BRXX and 5'-MUP15 were 
used to establish hybridization conditions. 
Group 1 and Group 2 genomic clones (BS6 and B82), BS-MUPI6 were 
digested with EcoRl, and pMUP15 was digested with EcoRI and BamHI. 
Restriction fragments generated by the digestions are illustrated in 
Figure 29. 
At a washing stringenecy of 75mM Na 	(I, Figure 30), there was 
no cross hybridization between the probe BRXX and pHUP15 sequence 
(lane 4, N) or BS2 (lane 3, N), or between the probe 5'-MtJP15 and 852 
(lane 3, N). 	Slight cross hybridization was observed between probe 
BRXX and 866 (lane 2, 11) and strong hybridization between probe 5'- 
MUP15 and BS-MUP16 (lane 1, N). 	This kind of differential cross 
reaction is expected since BS-MUPI6 and MUP15 are more closely related 
to each other than to 896 and 862. When the filters were washed at 
the higher stringency of 15mM Na 	(II, Figure 30), the cross 
Figure 29. Restriction digestion of genoinic and cDNA clones 
C'enomic clones 856, 892 and BS-MIJP16, and cDNA clone pMUP15 were 
digested with EcoRl (closed arrow) or EcoRl plus BamHI (open arrow). 
Fragments generated are shown for the inserted sequences only. 	The 
fragment marked by a star contains the target sequence that either 
corresponds or homologous to the probes, BRXX and 5'-MUP15. The EcoRI 
cleavage site indicated by an open triangle is homologous in all four 
clones used and is located 24 nucleotides 5' of the end of exon 2. 
Numbers under the target fragments are their lengths. 	The target 
fragment of MIJP15 (242 bp) corresponds to 5'-HUP15. The region in 
MUP16 that corresponds to BRXX is also indicated. The clone MUPI5 
















Figure 30. Cross hybridization between BS-NUP16 and FIUP15. 
lane A, pCM2 markers; lane 1, BS-MUP16, 1 microgram; lane 2, BS6, 0.5 
microgram; lane 3, BS2, 0.5 microgram; lane 4, pHUPIS, 70.4 nanogram. 
The loading of pMUP15 was calculated to give the same number of target 
sequences as in BS-tIUP16 (lane 1). 	Specific activity: 5'-HUP15, 
3.8X10 7 c.p.a.! microgram, 0.5 microgram used in (N); BRXX, 
2.4X10 7 c.p.m./microgram, 05 microgram used in (H). 	Arrow 1 
points to an unexpected fragment and arrows 2 and 3 to the vector 
fragment (pUCG). 	Washing stringency: 75 mH Na and 17. SDS (I); 15 
mM Na and 1% SDS (II). Numbers beside the markers are their 
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reaction between probe 5'-MLJP15 and BS-MUP16 was greatly reduced but 
not abolished (lane 1, N). 	The above experiment also establishes that 
BRXX is more specific than 5'-EIUP15 in detecting its own sequence. 
The unexpected band (Lane 2, N) was initially suspected to be 
contamination of either the probe or the B96 DNA preparation. The 
possibility was ruled out by subsequent hybridization experiments 
involving appropriate controls (data not shown). 	The fragment is 
about 4 kb long and corresponds to the size of the EcoRI fragment 
immediately 3' to the target fragment of BS6 (Figure 29). 	This region 
contains part of the transcription unit, i.e. about 3.4 kb of the 5' 
part of the segment covers from intron 2 down to the end of the gene. 
Previous experiments have shown that, beyond the transcription unit, 
there are no sequences homologous to exon 1 or exon 2 of BS6 (Dr. R. 
AlShawi, personal communication). 	The possibility, therefore, is that 
the 3' part of the 4 kb EcoRI fragment of B56 (and other Group 1 
genomic clones) may contain a short stretch(es) of sequence homologous 
to the plasmid pUCB into which the 5'-MUP15 fragment has been inserted 
and which was not cleaved out during preparation of the probe. 
2) Genomic Analysis of BS-FIUP16 and MUP15 
The MLIP gene family consists of about 35 genes most of which have 
been defined in terms of three different groups on the basis of their 
phyloqenetic relationship. 	There are about 15 Group 1 genes which 
differ from each other by 0.3 to 1% of nucleotides, and about 15 
Group 2 pseudogenes which differ by 2-4% of nucleotides, and BS-MUP16 
and MUP15 (Group 3) differ from each other by 57.. 	The Group 1 genes 
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differ from the Group 2 genes by about 11% while the Group 3 genes 
differ from the Group 1 and Group 2 genes by about 157 	The following 
experiments were carried out to see whether there are additional tIUP 
genes that fall within the same grouping as MLIPI5 and B6-HUP16. 
Kuhn et al (1984) were first to identify a tIUP15-related gene by 
probing C57BL/6 liver genomic DNA with clone 3'-p199, a 5' subclone of 
p199 which is equivalent to pHUP15 except that it is truncated at both 
the 5' and 3' ends. 	Khun et al (1984) identified an 11kb Pvu If 
fragment which preferentially hybridized with 5 ' - p 199 . 
Liver DNA was isolated from BALB/c male mice and digested with a 
number of restriction enzymes. Near completion of the restriction 
digestions is indicated by the appearance of the discrete satellite 
DNA bans superimposed on the unresolved continuum of unique DNA 
profile due to the presence of regularly spaced restriction sites 
within the satellite DNA (Mowbray and Landy, 1974) (Figure 31). 
The fractionated DNA was blotted onto Hybond-N membrane and hybridized 
separately to BRXX and 5'-MUP15 (Figure 32). 
Figure 33 illustrates the target fragments expected of BS-MUP16 
from the genomic clone that correspond to the probe BRXX. The 
restriction fragments expected from the genomic clones of BS-NUPI6, 
B56 and BS2 are summarized in Table 18. 	Table 19 lists all the 
visible bands on the autoradiograph. The most prominent bands 
(underlined) in panel I agree with expectations based on the map of BS-
MUPI6. 	The strongest bands in panel II are not likely due to cross 
hybridization of 5'-MUP15 with any other known MUP genes a conclusion 
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Figure 31. Ethidium-bromide staining of the agarose gel containing 
restriction-digested BALB/c genomic DNA. 
Liver DNA were isolated from male mice, digested with appropriate 
restriction enzymes and electraphoresed through a 0.7% agarose gel. 
The gel was stained with ethidium-bromide and the discrete satellite 
DNA segments indicate near completion of the digestions. 	lane 1, 
EcoRl; lane 2, BamHl; lane 3, HindUl; lane 4, EcoRl and BamHI; lane 
5, EcoRl and Hindlil; lane 6, BamHI and Hindlil. 	I and II are 
duplicates. 	13.3 microgram of DNA was loaded in each lane. 
-70a- 
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Figure 32. 	Southern blot hybrydization of BALB!c genoinic DNA. 
Liver DNA isolated from BALB/c male mice were digested with 
appropriate restriction enzymes and electrophoresed through a 0.7% 
agarose gel, transfered to Hybond-N membrane and hybridized to BRXX 
(I) and 5'-MUP15 (II). 	lane I, EcoRl; lane 2, BamHl; lane 3, HindUl; 
lane 4, EcoRl and BamHI; lane 5, EcoRl and HindUl; lane 6, BamHI and 
Hindill. M are size markers containing various digests of BS-MUPI4 
(in lamda phage) and are also used here as copy number indicators as 
well. H is equivalent to 10 copies per mammalian genome and m is a 
10- fold dilution of H. 	13.3 microgram of genomic DNA was loaded in 
each track. 	Washing stringency: (I) 15 mM Na, 1%SDS; (II) 75mM 
Na, 1XSDS. 	Exposure: 10 days 
I 
size Mm 1 	2 	3 	4 	5 6 
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5.6 4D - 
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Figure 33. Expected target fragments of BB-MUPI6 
The genomic clone of BS-MUP16 is presented with three restriction 
cleavage sites shown. 	Inverted solid arrows indicate target fragments 
that are generated by various restriction digestions and that 
correspond to the probe BRXX (marked). 	Numbers are their sizes in 
kilobases. 	The open arrow in the Hind III digestion means that the 5 
Hind III site is unkown. 
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BRXX 
2.6 c> 	 EcoRl 0 
- 	 8.0 	 BamHI 
>5.9 	 HindIll 0 
1.5 	 Rl+Bam 
- 	2.6 > 	 RI+ Hind 
•: 	2.9 	- 
	 Bcim+ Hind 
Restriction BS-MUP16 Group 	1 Group 2 
EcoRl 2.6 150 1.7 
BamHI 8.0 5.8/27 27 
HindlIl >5.9 5.5 11.2/11.5 
EcoRI+BamHI 1.5 0.46/14 1.7 
EcoRI+HindIII 2.6 5.5 1.7 
BamHI4-HindIII 2.9 2.8 11.4 
Table 18. Expected target fragments of BS-MUP16, 896 and 892 
Restriction fragments expected from the genomic clones of 86-MUP16, 
Group 1 and Group 2 genes thta would react with either BRXX or 5-
MUP15 are listed (in kilobases). 	app.---approximately. 	In cases 
where there are two fragments that could either both react with 5-
MUP15 or only one of which would hybridize with BRXX both fragments 
are shown separated by"/'. 
	
I 	 ii 
Probe BRXX 	 Probe 5'-MUP15 




3.2 	 3.2 	3.2 	3.2 	3.2 
(2.9) 
2.6 	 2.6 	2.6 	 (2.6) 	 2.6 	(2.6) 
1.7 	 1.7 	1.7 	 1.7 	 1.7 	1.7 
1.5 	 (1.5) 
1.45 	1.45 	 1.45 	 1.45 	1.45 
able 19. 	Visible autoradiographic bands of Group 3 sequences 
ie bands are arranged in their electrophoretic mobilities. Numbers are 
ieir sizes in kilobases. 	Fragments whose sizes are underlined are the 
bronqest ones in each hybridization, and those in brackets in panel II 
-e the strongest bands present in panel I. 	See text for interpretations 
F the table. 
based on the previous control hybridization experiments (Figure 30). 
A 1.7 kb fragment is present in all tracks involving EcoRI digests 
(band G, Table 19). 	The size of this fragment coincides with a Group 
2 EcoRl fragment (Table 18). 	However, it is more likely that this 
fragment, which reacted with both BRXX and 5-MUP15, represents 
another Group 3-like gene since cross hybridization was not observed 
between BRXX/5'-MUP15 and 892 even at a much higher stringency 
(Figure 30). 	Band D (3.2 kb) may be a fourth Group 3-like sequence 
since it does not correspond to any fragments expected of known MUP 
genes. 	The fact that it reacted only with 5'-MUP15 but not BRXX can 
be explained by the greater specificity of BRXX in detecting its own 
sequence (Figure 30). 	A fifth Group 3-like gene may be represented by 
band F (2.6 kb, not underlined in Table 19). 	The two possible genes 
indicated by band F and band G are probably more closely related to 
BS-MUP14 than that indicated by band D. 	The genomic map of MUP15 can 
be deduced from the above data considering the conservation of the 
EcoRI site present in exon 2 of all MUP genes examined to date (Figure 
34). Because of small sizes of the probes (BRXX, 400bp; 5'-MUP15, 
242bp), Junction effects can be ruled out. 
The data presented here suggests that there are probably 4-5 
members of the HUP15-subfamily with about one copy of each per haploid 
genome. 	This suggestion agrees tentatively with the observation that 
there are at least 4 identifiable In vitro translation products 
encoded by the 5-pl99 selected mRNAs (Kuhn et al, 1984). 	2C 
3) Construction and specificities of probes for Northern blot 
analysis 







Figure 34. 	Hypothetical genomic map of HUP15 
The genomic map around the transcription unit of MUP15 was deduced 
using the data of genomic blot presented in Figure 32 and Table 19. 
D- - - HindIIl; • - - - BamHI; O----EcoRI. The EcoRl site indicated by 
an open triangle underneath corresponds to that present in the 3 end 
of 5-MUP15 and is highly conserved among MIJP genes. 	The subclone 5'- 
MUP15 of pMUP15 would hybridize to the region marked with a two-way 
arrow but does not correspond exactly to that region since it is a 
cDNA clone containing most of e<ons 1 and 2 without the intronic 
sequence. The dashed line at the 3' end of the map indicates uncertain 
distance. 
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Conditions established for DNA-DNA hybidization are not always 
appropriate for DNA-RNA hybridization using the same probes and 
equivalent targets, for several reasons. 	The maximal rate of DNA-RNA 
hybridization is achieved at a temperature some lO°c higher than 
that of DNA-DNA hybridization (Birnstiel et al, 1972). 	The presence 
of high concentration of formamide depresses the Tm of DNA-RNA hybrids 
much more than that of DNA-DNA hybrids (Casey and Davison, 1977). 	In 
807. formaaiide, RNA-DNA hybrids are more stable than DNA-DNA hybrids by 
some I0-30 0c depending on the sequence (Kafatos et al, 1979; Casey 
and Davison, 1977). 
To study the expression of individual HUP genes such as BS-MUP16, 
MUP15 and Group 1 genes, hybridization conditions must be established 
under which probes derived from different HUP genes are specific for 
their respective complementary messengers. The approach taken here 
was to generate RNA targets by using the 17-in vitro transcription 
system and to use these in filter hybridizations with various probes, 
thus mimicking Northern blot hybridizations where HUP mRNAs are 
involved. 
The RNA polymerases encoded by the Salmonella typhimuriurn 
bacteriophage SP6 and Escherichia coli phage 17 are very efficient and 
exhibit stringent promoter specificity (Butler and Chamberlin, 1982). 
The T7 promoters, for example, contain a highly conserved nucleotide 
sequence extending from -17 to +6 relative to the cap site (Oakley and 
Coleman, 1983; Rosa, 1979; Dunn and Studier, 1983). 	This conserved 
sequence is long enough that it is unlikely to occur by chance in any 
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DNA unrelated to T7 DNA, and no 17 promoters are known to be present 
in the DNA of E.coli, a natural host. 	The one terminator for 17 RNA 
polymerase in 17 DNA is not completely efficient (Carter et al, 1981), 
and terminators that have been observed in unrelated DNAs are much 
less efficient (McAllister et al, 1981). Therefore, 17 should be 
capable of efficiently producing complete transcripts from almost any 
DNA that is linked to a 17 promoter. 
In practice templates to be transcribed by 17 RNA polymerase are 
most often constructed using the high copy cloning vectors p17-1 and 
p17-2 (Figure 35). 	The plasmid has a 17 promoter located immediately 
upstream of a polylinker into which selected sequences are inserted. 
The plasmid origin of replication and the beta-lactamase gene for 
arnpicillin resistance selection are derived from high copy number 
plasmid pBR322. 
For transcription, the recombinant DNA is linearized by a 
restriction enzyme which cleaves downstream from both the 17 promoter 
and the site of DNA insertion. 	The cleavage should leave preferably a 
blunt end or a 5 protruding end. 	If a 3 protruding end is left, 
long, template-sized transcripts and transcripts copied from the non- 
coding template strand are observed (Schenborn et al, 1985). 	The 
template is transcribed in a runoff transcription reaction which can 
yield many copies per template of RNA molecules corresponding to the 
cloned DNA sequence. 
RNA probes of high specific activity can be synthesized by 17 RNA 
polymerase when limiting concentrations of radioactive ribonucleotides 










Promoter . -Aat I 
Pvu IiZvujj 
17 RNA 	 Transcription Start 
Polymerase Promoter 	 (ppp G G GA) 
•.TTCGAAATTAATACGACTCACTATAGGGAGA CC- 
	
EcoR I 	 Ban II, Sac I Xma I BamH I 	Xba I 
- G G'AATTC GAC CT'C CfC dc dc ATCC T'C TA GA 
I i/inc II 	Pst I 	/lthd Iii Sma I 
T:C "GGACCTGCA CCCA'AGCTTGGCACTGGC3 .-' 
4cc I 
Ti ANA 	 Transcription Start 
Potymerase Promoter 	 c G 13 
5' . . . TTC GAAATTA ATA C GA C TCA C TATA G G GAG A CC- 
Hind  III 	 Psi I Sail Hhlc II 	8an,H I 
A A 
GGA'AGCTTGGGCTGCA'GdfCGACfCTAGAG'GA 
Xrna I Srna I 	Sac I, Ban II 4cc! 	XbaI 
TCCCC'GGGCGAGCT'CG'AATTCACACTGGCC ..3' 
EcoR I 
igure 35. 	Maps of plasmid vestors p17-1 and p17-2 
aps of the two plasmid vectors p17-1 and p17-2 are shown, including the sequence 
f the promoter and the polylinker regions. 	The strand shown on the sequence is 
he non-template strand whose sequence is the same as that of the RNA transcripts 
roduced by 17 RNA polymerase. 	Initiation of transcription begining with GIP incor- 
oration occurs 6 nucleotides from the end of the promoter sequences as indicated 
the maps. 	The plasmid origin of replication and the beta-lactamase gene for 
npicillin resistance selection are derived from pBR322. 	The polylinker regions 
-e derived from pUCI2 and ptiCI3. 
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are used in the transcription reaction mixture. Such single-stranded 
RNA probes have been used successfully to detect DNA and RNA 
sequences by Southern and Northern blot techniques (Melton et al, 
1984) or by solution hybridization followed by treatment with RNAse 
(Melton et al, 1984; Lynn et al, 1983; Cox et al, 1984; Zinn et al, 
1983). 	The RNA probes have the advantage of being up to 10 times more 
sensitive than double-stranded DNA probes mainly due to the lack of 
self-annealing (Melton et al, 1984). 
When non-limiting concentrations of ribonucleotides are present, 
the system allows the synthesis of large amounts, typically tens of 
micrograms of RNA of uniform length. Such RNAs have been used as 
substrates to study RNA splicing reactions (Melton et al, 1984; Green 
et al, 1983; Kramer et al, 1984), translation (Kornaska et al, 1984; 
Persson et al, 1984; Preher et al, 1984) and modification (Melton and 
Krieg, 1984; Miller et al, 1985; Murphy et al, 1982). 
The MUP15 and MIJP1I (Group 1) cDNA fragments and part of BS-MUP16 
were cloned into p17-1 (Table 20) and RNA was prepared using 17 RNA 
polymerase. 	The lengths of the transcripts were checked by 
polyacrylamide gel electrophoresis (Figure 36 and Table 21) 
RNA was produced from MUP11 and MUP15 with non-limiting 
concentrations of GIP, CTP, ATP and a mixture of UTP and H-UTP. 
The samples were electrophoresed through a 1.8% denaturing agarose 
gel, blotted onto Biodyne membrane and hybridized with 2 P- 
labelled 5MLlP15 and 5-p499. 	5'-MUPI5 contains most of exons 1 and 
2 while 5'-p499 is a Group 1 cDNA clone containing most of exons 1-4 
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Clone pIIUP11 pMUP15 BRXX 
cDNA/genomic cDNA cDNA genomic 
Gene Group 	1 ?1UP15 BS-MUP16 
Length 	(bp) 723 883 400 
Region exons 	1-7 exons 	1-7 -99-+300 
Vector p17-1 p17-I pT7-1 
Cloning 	site EcaRI/BamHI EcaRIJBamHI SacI/BamHI 
Termination BamHI BamHI BamHi 
Table 20. Cloning of Group 1, MUPI5 and BS-MUP16 sequences into p17. 
Specific DNA sequences corresponding to Group 1, HUP15 and BS-MUP16 
were cloned into plasinid p17. 	"Termination" indicates the paint at 
which in vitro transcription is terminated. 	The length of the 
BS-MUPI6 insert is approximately 400bp. 
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Figure 36. 	Sizing of in vitro transcribed RNAs. 
RNA populations were generated using 17 RNA polymerase and purified 
and samples were fractionated using a 3.5Y. polyacrylamide gel 
containing 71'l urea. 	DNA fragments with protruding ends were filled 
with Kienow fragment in the presence of 2PdCTP and used here as 
size markers. 	lane 1, BRXX DNA insert (398 bases); lanes 2 and 3, BS- 
MIJP16 RNA (410 bases); lane 4, Group 1 RNA (727 bases); lane 5, Group 
1 cDNA (721 bases); lane 6, MUP15 RNA (887 bases); lane 7, pMUP15 (881 
bases). For other details see text and Materials and Methods. 
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2 	3456 	7 
, 	
- 	 887 
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398 
Original size 	after Predicted Promoter-cloning 
Clone size(b) cleavage(b) RNA size 	(b) distance 	(b) 
pMLJP11 723 721 Group 	1 727 6 
pMIJPLS 883 881 MUF15 887 6 
BRXX 400 398 MUP16 410 16 
Table 21. Size Comparison of DNA inserts with their in vitro transcribed 
RNAs. 	"Original size" and 'size after cleavage" designate the size of the 
DNA insert before and after restriction cleavage at both 5 and 3 ends of 
the insert 	The difference between them is due to the loss of one nucleotide 
at each end after cleavage. 	"Predicted size" indicates the actual size of 
the RNA transcribed from the 17 promoter. 	"Promoter-cloning distance" 
represents the distance between the transcription initiation site (GGGA) 
and the 5 cloning site (at the enzyme-cutting point). 	The difference in 
size between the end-labelled DNA insert and its RNA is the difference of 
the "predicted size" and the "size after cleavage". 
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(Kuhn et al 	1984) 	At the washing stringency of 0. IXSET, cross 
hybridization was not observed (Figure 37). 
The availability of specific hybridization probes allowed studies 
to be carried out on the expression of MUP15-like genes in relation to 
the abundantly expressed Group 1 genes (see below). 
4) Effect of testosterone on the levels of liver MUP mRNAs 
The MUP gene family provides an ideal system with which hormonal 
regulation of gene expression can be studied. The responses of MLIP 
genes to steroid hormones, growth hormone and thyroxine show clear 
strain, sex, and synergistic differences as well as gene-specific 
effects. 	Hastie et al (1979) estimated that, in C57BL/6 mice, males, 
testosterone-induced Females and castrated males treated with 
testosterone have 5 times more liver MUP mRNA than untreated females 
or castrated males. 	Derman (1981) determined, by monitoring 
transcription of MLIP genes in isolated liver nuclei, that the 5-fold 
or so difference in steady-state levels of total MUP mRNA in males 
and females are largely, if not all, due to different transcription 
rates. 	Szoka and Paigen (1978) first observed that the phenotype of 
MUP excretion of a inbred mouse strain has two components when 
analysed by PAGE: the absolute levels and the relative proportions of 
the MUPs present in the urine. Testosterone treatment of female mice 
alters both components, i.e. increasing MUP excretion and altering 
their relative proportions. These workers also suggested that a 
genetic locus, MUP-a, controls the induced proportions of MUPs by 
testosterone. 	By pulse-labelling liver protein in vivo with 
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Figure 37 	Northern blot hybridization of in vitro transcribed RNA. 
lane 1, Group 1 RNA, 0.5 microgram; 
lane 2, Group 1 RNA, 0.1 microgram; 
lane 3, Group 1 RNA, 0.05 rnocrogram; 
lane 4, MUP15 RNA, 0.5 microgram; 
lane 5, MUP15 RNA, 0.1 microgram; 
lane 6, MUP15 RNA, 0.05 microgram. 
Probe: 5-pMUP15 in (1) and 5-p499 in (II). 
Washing stringency: C).1XSET. 
For other details see Materials and Methods. 
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NHlleucine, Berger and Szoka (1981) measured tha relative 
biosynthetic rate of MUPs and found a 5-fold induction of total MUP 
synthesis in testosterone-treated female mice to the level of male 
mice. They suggested that the previously observed 20- to 25-fold 
induction of total MUPs excreted into the urine is generated partly at 
the posttranslational level. Clissold et al (1984) investegated the 
sexual dimorphism in MUP gene expression by analysing urinay proteins 
and the in vitro translation products of hybrid-selected MUP tnRNA 
from two inbred strains (C57BL and BLB/c) on isoelectric focusing 
(IEF) gels. 	In both cases, the females showed a simpler pattern than 
the male pattern with fewer prominent components. Testosterone 
induced the excretion of NUPs with the more complex male pattern. As 
an analogy, sexual dimorphism also exists in the expression of the rat 
alpha-2u globulin genes. 	It has been demonstrated that androgen 
stimulates whearas estrogen inhibits alpha-2u globulin synthesis in 
the rat liver by regulating the steady state level of the alpha-2u 
globulin mRNA (Feigelson and Kurtz, 1978). 
To find out the effect of testosterone on the levels of liver MLIP 
mRNA in C578L/6 and BALB/c mice, males and females were compared. 	In 
addition, testosterone pellets were implanted subcutaneously in both 
sexes and animals were sacrificed 15 days later. 	Total liver RNA was 
extracted, fractionated on a 1.8X agarose gel, transfered to a Biodyne 
filter and hybridized to 5'-p499 (Group 1) and 5'-MUP15 probes (Figure 
38). 	The autoradiograph was scanned using a densitometer with an 
integrator and the readings are given in Table 22. 
The result demonstrates that the MUP15-like sequences show sexual 
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Figure 38. Northern blot hybridization of MUP mRNAs. 
Liver RNA was isolated, fractionated, immobilised on nylon membrane 
and hybridized to 5' -p499 (I) and 5' - MUP15 (II). 	All conditions were 
kept identical in the two hybridizations; the amount of RNA (20 
micrograms) and specific activity of the probes, hybridization and 
washing stringency (0.1XSET), exposure time and developing time. 	Eac 
lane contains the sample from a different mouse. 
Lno 	Strain 	Sox 	Tootootorrio 
	
1, 2 	 - 
male  
3, 4 	 + 
BALB/c  
5, 6 	 - 
female  
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1, 2 662 9.1 9, 	10 68.0 17.5 
3, 4 96.5 24.7 11, 	12 55.0 13.2 
5, 6 6.1 2.9 13, 	14 10.7 2.1 
7, 8 100.0 6.5 15, 	16 74.0 10.0 
Table 22. Densitometric values of the Northern blots 
The autoradiograph was scanned using a densitometer with an integrator. 
"No." refers to the numbering of mice in Figure 38. 	The values given 
here are the means of the two mice. All values are normalized aganist 
the reading of mice 7 and B. 
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dimorphism in their expression and are induced by testosterone. The 
pattern of induction is similar to that of Group 1 sequences in both 
strains. The sex difference in the level of Group 1 mRNA of BALB/c 
mice is about 11 fold, greater than that estimated by Clissold et al 
(1984) (about 4 fold). 	The discrepancy can be accounted for in part 
by the use of different probes in the two hybridizations and the 
possibility that the MUP15-like sequences are proportionally more 
expressed in females than in males. 	In the previous experiment of 
Clissold et al (1984), an almost full length (0.85 kb) MUP cDNA probe 
pLVA325 (Group 1) (Cissold and Bishop, 1981) was used. 	This probe is 
less specific than 5'-p499  in distinguishing different groups of HUP 
mRNAs due to the conservation of sequence identity in the 3-region of 
all MUP genes that have been examined. The argument for preferential 
expression of Group 3 genes in female mice over males is supported 
tentatively by the observation that the male/female ratio in the level 
of Group 3 eRNA is about 3. 	Therefore, the previous determination may 
have overestimated the level of Group 1 mRNA by including the MUP15-
related messengers particularly in females, thus narrowing the sex 
di ffernce. 
The urine samples from mice with the same treatment were analysed 
on IEF (Figure 39). 	It shows: 
1. 	Normal female mice have a simpler pattern than the male one. 
In BLB/c females, the strongest band appears to be the one that is 
believed to be glycosylated (indicated by an arrow in lane 7). 	This 
agrees with the suggestion from the above Nothern results that the 
MUP15-related genes may be expressed in females proportionally more 
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Figure 39. 	Isoelctric focusing of HUP 
Lane 	Strain 	Sex 	Testosterone 



















Each lane contains 0.045 mg sample collected from a mouse, except 
for lanes 5 and 15 where 0.0184 mg and 0.0247 mg were loaded 
respectively. 	The two adjacent lanes (1 and 2, 3 and 4, etc.) con- 
tain samples from the same mouse but collected before and after tes- 
tosterone induction. Sample 15 was mixed with sample 14 at the boun-
dary due to the contact of loading filters. The arrow indicates the 
glycosylated band which is believed to be specified by a NUPI5-relate 
gene (s) and which is thought to be proportionally more expressed in 
normal females than in males or testosterone-treated females. 	For 
other details see text and Materials & Methods. 
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than in males. 	In C57BL/6, the most prominent normal female component 
is band C (lane 13). 
2. 	In BALB/c mice, females seem to be induced to a different 
pattern from the male one. 	Mainly, Bands B and Dare preferentially 
induced and band B is much stronger in relation to Band D in the 
induced female (lanes 6 and 8) than in males (lanes 1 and 3). 	The 
glycosylated band seems to be proportionally reduced. 	In C57BL/6, 
male mice show stronger bands A and D than B and C, respectively 
(lanes 9 and 11) whearas the order is reversed in induced females, 
i.e. stronger Bands Band C than A and D, respectively (lanes 14 and 
16). 	The difference in intensity between Bands D and E is much 
smaller in induced C57BL/6 females (lanes 14 and 16) than in males 
(lanes 9 and 11). 
The results of protein analysis stress that testosterone not only 
increases the total excretion but also alters the relative proportions 
of individual MUP components in a way similar but not identical to 
that in which testosterone exerts its effect on the MUP phenotype in 
male mice, suggesting that testorsterone has different effects on 
different MUP gens either at the transcriptional/posttranscriptional 
level or at translational/posttranslationai level or both. 
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1 	collection of mouse urine 
Mouse urine is collected by gentle massage of the bladder at 
either 9 am or 4:30 pm. The collected urine is then dialysed against 
10 mM Tris. 
sephadex 6-100 column chromatography 
column: 1.7 cm (diameter) X90 cm 
sephadex 6-100: Phamacia 
elution buffer: 0.2M NH 4 HCO 
flow rate: 12.6ml/hr. 
fraction size: 5ml 
fraction number: 40 
Three peaks are normally obtained. The second and the largest peak is 
the fraction containing MIJP and is pooled and concentrated through an 
ultrafilter. 
concanavalin A affinity column chromatography 
column: 1 cm (diameter) X15 cm; 
concanavalin A (coupled to sepharose 4B): 4% agarose; 
fractionation range for proteins (m.wJ, 6X10_20X10 6 ; 
- 79 - 
sugar residue specificity, alpha-D-glucose, alpha-D-mannose with free OH 
groups at C-3, C-4 and C-6. 
start buffer (column beffer): 50 mM Tris-HC1 (pH 7.6), 1 eM NaCl, 1 mM 
MnC1 2 , 1 MM tlgC1 2 , 1 mM CaC1 2 . 
elution buffer: 0.19M Na 2 B 4 0 7 .10H 2 0 in start buffer,. 
flow rate: 4.2 ml/hr. 
fraction size: 2m1 
testosterone administration 
Male and female mice of BALB/c and C57BL/6 strains aged 8-10 weeks 
were subcutaneously implanted with testosterone pellets. At day 15, 
the mice were sacrificed and liver RNA were extracted. 
iso-electric focusing 
Gel: 1% agarose containing 127. sorbitol (w/v), SX(v/v) ampholine pH4-
6.5 and 1% (v/v) ampholine pH3-10 (Pharmacia) 
Anode buffer: 50mM H 2 60 4 
Cathode buffer: IM NaOH 
Prefocus: 1/2 hr. at 15W, 1000 volts 
Focus: 2hrs at 15W, 1000V then at 1400V for 15 mm. 
Fixing: 5% sulphosalicylic acid/107. TCA, 1/2 hr. 
Washing: lhr. in water, lhr. in destaining solution (357. ethanol, 10% 
acetic acid), dry down the gel. 
Staining: 5mm. in 0.017. Coomassie Blue R250 
Destaining: 15mm. in 35% ethanol, lOX acetic acid 
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6. SDS-gel electrophoresis 
Apparatus: Bio-Rad Protean Dual Slab Cell 
Gel: separating-157., stacking-57. 
Electrophoresis buffer: 50mM Tris-HC1 (pH6.8), 28.87. glycine, 0.17. 5DB 
Sample buffer: 62.5 mM Tris-HC1 (pH6.8), 107. (v/v) glycerol, 27. 6DB 
(w/v), 57. (v/v) 2-mercaptoethanol, 0.001257. (w/v) bromophenol blue. 
Running: 5-6hrs. at 25-30 cAmp 
7. DNA gel electrophoresis 
All vertical gels are run overnight at 30-35V in 1XTBE buffer (89 mM 
boric acid, 89 mM Iris, 2.5 mM EDTA) and all horizontal gels are run 
in 1XTAES buffer (50mM Iris, 20mM sodium acetate, 2mM EDTA, LOcH NaCl, 
pH7.9). 
B. denaturing RNA gel electrophoresis 
Gel: 1.8% agarose containing 6.57. (v/v) formaldehyde 
Sample buffer: 10mM phosphate buffer (pH7), 507. (vlv) 3Xrecrystalized 
formamide, 11.17. formaldehyde 
Running buffer: lOcH phosphate buffer, pH7 
9. Southern and Northern blot 
When nitrocellulose/Biodyne nylon membranes are used, nucleic 
acids are immobilized by baking under vaccume at 80 0c. When 
Hybond-N membranes (Amersham) are used, nucleic acids are cross- 
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linked by exposure to UV light for 10-15mm. 
Electrophoretic transfer of RNA onto nylon membranes 
RNA samples are fractionated through 3.5% polyacrylamide gels 
containing 98% formamide. Gels are equilibrated in 25mM phosphate 
buffer, pH6.5 for 15min or more and sandwhiched between one sheet of 
Hybond-N and three sheets of 3MM paper on each side of the gel, 
inserted in Scotch Brite pads and transfered at 10 volts for 30mm. 
then 30 volts for 1-2 hours. 
thymol-sulfuric acid staining of glycoproteins 
Protein samples are first fractionated through a 15% SDS-
polyacrylamide gel, then the gel is washed twice in a mixture of 25% 
(v/v) isopropanol, 10% acetic acid at a volumn of llml/ml gel, 
2.5hrs. for each wash. A third wash is performed in the same solvent 
mixture containing 0.27. (v/v) thymol (Sigma). 	A mixture of 807. (vlv) 
H 2 SO 4 /20% ethanol at room temperature is added at llml/ml gel 
and agitated at 35 0 c for 2.5 hrs. or until the opalescent core 
disappears. Glycoproteins produce red zones against a pale yellow 
background. 
phenol-H 2 SO 4 assaying for carborhydrates in 
glycoproteins 
To 2ml of an aqueous protein solution add 0.05m1 phenol (80% w/v 
redistilled phenol) followed by rapid addition of 5m1 concentrated 
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H2 SO 4 . Leave at room temperature for 30mm. Determine 
optical density at both 480 and 415nm. 
cloning 
Cloning vectors and DNA sequences to be cloned are digested with 
appropriate restriction enzymes, the unwanted polylinker sequences are 
removed by precitating DNA with spermine. Ligation reactions are 
carried out at 13 0c for 2hrs. in the presence of 50mM Tris 
(pH7.4), 10mM MgCl 2 , 10mM DTI, 0.2mM ATP, 0.125mg/ml BSA. 	HB1O1 
cells are transformed with recombinant plasmid DNA (ampicillin 
selection) and JM10I cells are transformed with recombinant M13 DNA (X-
gal selection), both by the CaCl procedure. Double-stranded DNA are 
prepared by the cesium deride gradient procedure. 
in vitro transcription using "6enescibe 
The template DNA is first linearized with an appropriate 
restriction enzyme. The transcription reaction is carried out in a 
volume of SOul containing 40mM Tris-HC1, pH8.0, 15mM MgC1 2 , 5mM 
DTT, intl each of ATP, CTP, GTP and IJTP (mixed in defined proportion 
with 3 H-UTP), 0.5 mg/ml BSA, 2ug purified plasmid DNA and 12.5 
units T7 RNA polymerase (USBC). Samples are incubated at 37 0 c for 
30mm. The reaction is stopped by addition of lul 0.2M EDTA. When 
removal of template DNA is required, I unit of RNAse-free DNAse is 
added and samples are further incubated at 37 0 c for 10mm. RNA is 
purified by phenol-chloroform treatment and ethanol precipitation. 
microlitre is peppetted out and precipitated by the procedure of 
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trichioroacetic acid (TCA). Filters containing acid-insoluble nucleic 
acids are dired at 80 0 c under vaccume and immersed in scintilation 
counting fluid (Aquasol, New England Nuclear) and counts are measured 
with l'linaxi (Tri-carb 4000 series, United Technologies). 	The quantity 
of the RNA generated in a reaction is calculated by the amount of 
3H-UTP incorporated. The size of the RNA was checked on a 3.5% 
acrylamide gel using as markers end-lablled cDNA fragments to which 
the RNA is entirely complementary. 
Enzymes and isotopes 
Most restriction endonucleases, 14 ligase, E.coli DNA polymerase 
I, large Klenow fragment and isotopes are supplied by Amersham. Some 
restriction enzymes such as Nla4, NsiI, XmnI, are obtained from the 
New England Biolabs. The T7-polymerase is purchased from Boehringer 
Mannheim 6mbH. 
DNA hybridization 
Nitrocellulose membranes (BAGS, Schleicher & Schiill GmbH) with 
DNA immobilized by baking at 80 0c under vaccume are agitated for 
3 hours at 68 0 c in 10XDenhardts, 4XSET (0.6M NaCl, 0.12M Iris, 
pH 8.0, 8 mM EDTA), 0.1% SDS, and prehibridized in l0XDenhardts 
solution containing 4XSET, 50 microgram/ml sonicated salmen sperm 
DNA, 10 microgram/ml poly (rA), 0.17. SDS, and 0.1% Na-pyrophosphate 
(ppi) for 1 hour. Hybridization is carried out in identical solution 
plus 107. Dextran sulphate and the redioactively labelled probe at 
680 c overnight. 	Washings are usually performed in 1-0.5XSET 
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(final) at 68 0 c with agitation. 	The hybridized membrane is 
blotted dry with 3MM paper and covered with Saranwrap. A sheet of X-
ray film is laid down on top of the covered filter in a film cassette 
with an intensifying screen and is exposed at -70 0 c. 
Nylon membranes (Hybond-N, Amershan) carrying fractionated DNA or 
RNA samples (cross-linked by UV irradiation) are prewetted with water 
and prehybridized in 0.5 N NaHPO 4 (1 M NaHPO 4 , pH 7.2, is 
made of 71 g Na 2 HPO 4 and 4ml 85% HPO 4 in 1 litre), 
77. 9DB and 1 mM EDTA at 68 0 c briefly. Hybridization is carried 
out in an identical solution with the denatured probe overnight. 
Washings are performed also in NaHPO 4 solution plus 1'/. 6DB at 
680 for 5-15 minutes, 4 washes. 
17. RNA hybridization 
After electrophoresis, RNA samples are transfered to Bio-dyne 
membrane and immobilized by baking at 80 0 c under vaccume for 90 
minutes. Prehybridization is carried out in 50% deionised formamide, 
2.5XDenhardts solution, 2..5XSSPE, .3757. 6DB, 250 microgram salmen 
sperm DNA per ml prehybridization solution at 42 0 c for 4 hrs. 
Hybridization is performed in an identical solution plus 10% dextran 
sulfate and denatured probes, at 42 0 c for 24 hrs. After 
hybridization, the filter is washed four times at room temperature in 
2XSSC, 0.17. 9DB for 15 mm. each. The fifth wash is in 0.5XSET and 
the sixth at 68°c for 30 mm. 
When Hybond-N membranes are used hybridization is performed in the 
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same way as DNA hybridization. 
lB. Preparation of total liver RNA 
1 g tissue is mixed with 12 ml 4 P1 gaunidinium thiocynate and 160 
microlitre mercaptoethanol. The mixture is homogenized and 4 ml 
homogenate is laid over 1.2 ml 5.7 N CsC1 buffered with 25 mM sodium 
acetate, pH 5.0, in a 8W50 tube and centrifuged for 12 hrs at 36 krpm, 
200 c. 	The pellet is resuspended in 1 ml 7.5 M gaunidinium-HC1, pH 
7.0 buffered with 0.25 volume of 1 H sodium citrate pH 7.0 and 5 mM 
DTT. 25 microlitre 1 N acetic acid and 0.5 ml ethanol are added and 
left at -20 0 c overnight. 	I ml serile, 2Xdistilled H 20, 0.1 ml 
2 H sodium acetate, pH 5.0 and 3.3 ml ethanol are added and the sample 
left at -20 0 c overnight and pelleted by centrifugation and the 
pellet is resuspended in appropriate amount of sterile water. 
19. Preparation of mouse liver genomic DNA 
One mouse liver is removed and finely minced and placed in 20 nil 
ice-cold SSCT (0.15 11 NaCl, 0.015 P1 sodium citrate, 10 mM Tris, pH 
7.4) in a 50 ml tube. The mince is allowed to settle and the 
supernatant is removed. This process is repeated 3-4 times until the 
supernatant becomes clear. The tissue is packed by spinning 15 
seconds in a clinic centrifuge. The pellet is resuspended in 3 ml of 
RSB (10 mM Iris, 10 mM NaCl, 3 MM MgC1 2 , pH 7.4) plus 0.57. NP40 
and homogenized in a tight-fitting dounce apparatus and filtered 
through 50 micro Gauze and centrifuged at 4 0 c for 5 mm. at 9 
krpm. The pellet is washed twice with RSB and NP40, resuspended in 1 
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ml RSB. 	1 ml 17. BBS, 0.6 t1 NaCl, 20 mM Iris, 10 mM EDTA and 400 
mg/mi protease K are added and the mix is incubated at 37 0 c for 2 
hrs. and phenol/chloroform extracted and ethanol precipitated, 
centrifuged at 10 krpm for 10 mm. The pellet is washed with 70% 
ethanol and resuspended in 1 mM EDTA (heat up at 60 0 c for 10 mm 
to assist dissolving DNA) to an appropriate concentration. 
20. Radioactive labelling of DNA to be used as hybridization 
probes 
oligo-labelling 
The reaction (100 microlitres) is composed of 66 mM tris-HC1, pH 7.4, 
6 eM MgC1 2 , 2.5 mM DTT. 0.03 mM each of dGTP, dAIP, dTTP, 
appropriate amount of 32 P-dCTP (specific activity 400 or 3000 
Ci/emol, Amershan), 0.12 microgram calf thymus hexanucleotides, 3 
units E.coli DNA polymerase I (Amershan) and 0.5 microgram iinearised 
template DNA. First, DNA is mixed up with oligo primers and boiled 
for 3 minutes and quenched on ice. Then, other solutions are added 
and the reaction is incubated at 25 0 c for 1 hr. 	1 microlitre is 
peppetted out of the reaction to measure incorporated radioactivity by 
the TCA procedure. When 2 P-dCTP with a specific activity of 3000 
Ci/mmol is used, the reaction is usually chased with 0.03 mM dCTP for 
30 minutes before being stopped by adding 3 mM EDIA, pH 7.4. The 
reaction is extracted with phenol/chloroform, and precipitated with 
ethanol if large quantities of 32 P-dCTP are used. 
Nick-translation 
The reaction is carried out in 66 eM Iris- HC1, pH 7.4, 6 mM HgC1 2 , 
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1.25 mM DTI, 0.015 mM each of dATP, dI3TP and dTTP, appropriate amount 
of 32P-dCTP, 3 units E.coli DNA polymerase I (Amershan) at 
30 0 c for 1 hr. Other procedures are identical to those used for 
oliga-labelling. 
Preparation of single-stranded DNA template for sequencing 
A colony of 311101 is grown overnight at 37 0c in 10 ml L broth 
(17. tryptone, 0.5% yeast extract, o.17 N NaC1). The overnight 
culture is diluted 100 fold with 2XTy medium (1.6% tryptone, 1% yeast 
extract and 86 mM NaCl) and 1.5 ml aliquots are made in 1.5 ml glass 
test tubes. Positive plaques are picked with toothpicks into each 1.5 
ml aliquot, which are then agitated for 5-6 hrs, transfered to 1.5 ml 
Eppendorf tubes and centrifuged for 5 mm. 1 ml supernatant is gently 
pippeted out from each tube into a fresh Eppendorf tube (the cell 
pellet is discarded). 0.2 ml 2.5 M NaCl, 207. PEG (polyethylene 
glycol) are added to the supernatant and the mix is left at room 
temperature for 15 min,spun for 5 mm. The pellet is phenol/ether 
extracted and ethanol precipitated. 
DNA sequencing (chain-termination reaction) 
1) primer annealing 
The reaction (10 microlitres) is carried out in 10 mM Tris-HC1, pH 
7.4, 10 MM MgCl 2 , 50 mM NaCl with 1 ng universal sequencing primer 
and 0.5 microgram template DNA by heating up for 3 min at 70 0 c in 
a 1.5 ml Eppendorf tube sitting in a water-containing beaker placed in 
a water bath, then the beaker is taken out of the water bath and left 
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for 30-60 min to cool to room temperature. 	1 microlitre (1 unit) DNA 
polymerase I (Klenow fragment, Amershan) is added. 
2) hybridization 
2 microlitre of the above reaction is mixed for 15 min with an equal 
volume of the appropriate termination mix (0.5 mM dideoxy NIP mixed 
with different amounts of deoxy NIPs) containing 1.3 micro Ci 2 P-
dCTP. 2 microlitres of 0.5 mM dCTP is added to the reaction for 
another 15 min before stopping it by adding 4 microlitres of stop mix 
(0.03% xylene cyanol, 0.03% bromophenol blue, 20 mM EDTA in 
2Xdistilled formamide). 
electrophoresis 
Samples are boiled to denature and electrophoresed through a 
denaturing gel containing 6% acrylamide and 7M urea, using IXTBE 
(0.55% boric acid, 90 mM Tris, 25 mM EDTA) as running buffer. 
autoradiography 
After electrophoresis, the gel is fixed in 10% methanol and 10% acetic 
acid and dried at 80 0c under vaccume on a sheet of 3MM paper. An 
X-ray film (Kodak) is laid directly over the dried gel placed in a 
cassette. Exposure is carried out at room temperature. 
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